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The 2005 wheat streak mosaic virus epidemic in New 
South Wales and the threat posed to the Western 
Australian wheat industry 
Roger Jones and Nichole Burges, Department of Agriculture, WA, South Perth 
KEY MESSAGES 
• WSMV had a major economic impact on the wheat industry in the high rainfall zone of NSW in 
2005, with over 5,000 hectares severely affected. Infection was most severe in early-sown 
crops, warm seasonal conditions in autumn favouring rapid population build-up of its mite vector 
and consequent rapid spread of infection among young wheat plants. 
• WSMV was first detected in Australia in Canberra in 2002 and probably arrived within the last 
4-5 years as a single incursion originating from the Pacific North-West of the USA.  It now 
occurs in ACT, SA, NSW, QLD and VIC, but has not been found in WA, TAS or NT. 
• Should it become established in WA, the greatest potential for damaging epidemics is with early 
sown wheat in high rainfall zones. 
• Currently, destroying the ‘green bridge’ between growing seasons, delaying sowing until winter 
and sowing healthy wheat seed stocks are the only management measures available.  
Chemical control is impractical and breeding of WSMV-resistant wheat is only in its infancy in 
Australia. 
• WSMV constitutes a potentially high phytosanitary risk because it is economically important, it is 
now known to be seed-transmitted in wheat and its vector apparently occurs widely in Australia.  
As WSMV is not currently known to occur in WA, prevention of entry is the best means to 
minimise risk for the WA wheat industry. 
• As an interim measure, pending completion of a detailed Pest Risk Analysis, importing wheat 
seed into WA requires prior approval from the Director General of DAWA. 
BACKGROUND 
Wheat streak mosaic virus (WSMV) is seed- and mite-borne and causes a disease that reduces the 
yield of wheat and damages grain quality.  Wheat plants infected with it are severely stunted, and 
show pale streaking and mottle of leaves.  The virus is spread from infected wheat plants to healthy 
ones by the wheat leaf curl mite (Aceria tosichella), and its transmission via seed to progeny plants 
has been demonstrated in maize and wheat.  It occurs in most wheat growing regions of the world 
including South and North America, Europe, North Africa, and West, East and Southeast Asia.  When 
conditions favour widespread infection early in the life of wheat crops, complete crop failure 
sometimes occurs.  In the Great Plains region of North America, annual WSMV-induced yield losses 
are about 5 per cent overall, but localised outbreaks can be much more destructive, causing losses 
approaching 100 per cent.  Currently, destroying the ‘green bridge’ before wheat is sown, delaying 
sowing until winter and sowing healthy seed stocks are the only WSMV control measures available.  
Applying pesticides to kill the mite vector has not proven effective in the USA.  WSMV resistance 
genes are being used to breed WSMV-resistant wheat, but this breeding effort is in its infancy in 
Australia. 
WSMV probably arrived in Australia only within the last 4-5 years.  Molecular studies, which included 
all 12 Australian WSMV isolates sequenced so far, suggest that there was probably a single incursion 
via seed originating in the Pacific North-West of the USA.  Suggestions that WSMV may have been 
present earlier at the Waite Institute, University of Adelaide lack supporting evidence.  The first 
definitive report of its introduction here was in 2003 in CSIRO wheat breeding facilities in Canberra 
(Ellis et al. 2003), and followed its first detection in Canberra in 2002.  In 2003, it was then found at 
wheat breeding sites in SA, QLD, VIC and NSW.  It also severely damaged a few irrigated wheat 
crops in NSW in 2003.  In 2004, its symptoms were noticed at low incidences in some high rainfall 
wheat crops in NSW, but it apparently caused little damage.  In 2005, a very different picture emerged 
with widespread WSMV infection often associated with complete crop failure occurring in high rainfall 
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zone wheat in NSW, with over 5,000 hectares severely affected.  At least 1,000 hectares of wheat 
were sprayed out with herbicide to prevent large-scale seed set of weeds that dominated failed wheat  
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
3 
paddocks.  The WSMV-affected area extended from Coonabarabran in the North to Holbrook in the 
south; the districts with confirmed WSMV infections included Coonabarabran, Mudgee, Canowindra, 
Cowra, Young, Boorowa, Harden, Cootamundra, Junee, Wagga Wagga, the Murrumbidgee irrigation 
area and Holbrook.  WSMV infection was also widespread in the ACT.  Infection was most severe in 
early sown, graze-grain wheat crops.  Although it was detected in post entry quarantine in wheat 
seeds from QLD, WSMV was not found in WA in large-scale, targeted surveillance with 19,358 
samples tested for the virus during 2003-2005. 
In November 2005, the first author undertook a fact finding tour to study the WSMV epidemic in the 
worst-affected areas of the slopes region of NSW and gauge the potential future threat to WA wheat 
production. 
DISCUSSION 
Virus epidemiology and the discovery of seed transmission 
In the Great Plains region of North America, a substantial ‘green bridge’ of grasses and volunteer 
cereals that harbour both the mite vector and WSMV between growing seasons was considered a 
pre-requisite for development of the widespread early infection that results in substantial yield losses 
in wheat.  However, widespread epidemics still occurred unpredictably when such virus and mite 
reservoirs were absent. A likely explanation for this unpredictability was provided by research in WA in 
late 2004 when WSMV was detected under post-entry quarantine conditions at South Perth in 
seedlings grown from seed of wheat breeding lines from Toowoomba, QLD.  WA research then 
demonstrated for the first time that WSMV is unequivocally seed-borne in wheat and these results 
were published (Jones et al. 2005).  Confirmation of seed transmission in wheat was later provided at 
three other independent Australian laboratories, by Prof. Adrian Gibbs, ANU, Canberra; Drs Gordon 
Murray and Len Tesoriero, NSW-DPI, Wagga Wagga and Camden; and Dr Andrew Geering, QDPI, 
Brisbane.  Seed transmission has important implications as inadvertent sowing of infected wheat seed 
stocks can not only provide within-crop infection foci scattered at random for rapid spread by vector 
mites to the rest of the crop, but also introduce WSMV to new locations.  How it spread so rapidly in 
NSW over 2003-2005 is unclear, but dispersion via movement and sowing of virus contaminated 
wheat seed is the probable major cause. 
The 2005 NSW epidemic of WSMV arose after 3 years of drought when early sowings of wheat were 
absent.  This probably curtailed the impact of the disease in 2004.  Also, before wheat was sown in 
early autumn 2005, there was only a minimal ‘green-bridge’ of grasses or volunteer cereals for the 
mite vector to survive on.  Therefore, under Australian conditions, apparently the ‘green bridge’ 
between growing seasons does not need to be substantial for development of severe WSMV 
epidemics.  Moreover, in NSW, early (March-April) sown crops were very badly affected but June 
sown ones were not.  Warm seasonal conditions in autumn apparently favoured very rapid population 
build up of the mite vector and consequent rapid spread of infection among young wheat plants, 
whereas winter conditions were less favourable.  Hence, the very high incidences of virus infection in 
NSW in early autumn-sown crops in 2005, but much smaller infection incidences in winter-sown crops. 
Mite vector 
The virus is spread from WSMV-infected plants to healthy wheat plants by its wheat leaf curl mite 
vector.  This is a tiny, microscopic, cigar-shaped mite (typically 0.2-0.3 mm long) which secrets itself in 
the curled leaves of infested host plants, such as wheat.  It is difficult to see until it reaches high 
numbers late in the growing season, when it can be observed with a magnifying glass infesting wheat 
ears, especially their developing seeds.  These tiny mites do not have wings so they are spread mainly 
when blown about by wind currents.  They can also be moved when they contaminate the exteriors of 
insects and larger animals, including humans, and farm machinery.  They are short-lived with rapid 
generations but need to continue feeding on live, green plants to survive.  Once the mite has 
developed on an infected plant, it transmits the virus as it feeds but does not pass it through the egg to 
its offspring.  The optimum temperature for the mite is 24-27ºC, when its population growth can be 
explosive should sufficient host material be available (Anon., 2003; Halliday and Knihinicki, 2004; 
Murray et al. 2005). 
In 2005, Ms Michelle Schiffer, a mite researcher from Melbourne University, found tiny mites that 
resemble the wheat leaf curl mite morphologically to be widespread in commercial wheat crops from 
the Geraldton region in the north of the WA wheatbelt to the Lake Grace region in the Great Southern.   
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This followed reports in the early 1990s of the possible occurrence of this mite in Western Australia 
(Bill Frost, unpublished PhD thesis, University of Adelaide). 
Although none of these findings on the mite in WA have been published, taxonomic research is 
currently being undertaken by CSIRO in Canberra on mites collected in WA by Ms Schiffer to 
determine if the species present is indeed A. tosichella.  Confirmation that the morphologically similar 
mite associated with the 2005 epidemic in NSW was A. tosichella was already obtained.  Although we 
do not know for certain how long the wheat-inhabiting mite that resembles the wheat leaf curl mite 
morphologically has been present in WA, advice indicates that it is almost certainly the wheat leaf curl 
mite vector (i.e. A. tosichella) and that it occurs widely in the wheatbelt.  Hence, the only ingredient 
missing before serious WSMV epidemics can develop in WA wheat crops is the virus itself. 
Other hosts 
Both the wheat leaf curl mite vector and WSMV can persist over the dry summer period in a range of 
live volunteer crop cereals and grass weeds, such as barley, cereal rye, oats, ryegrass and brome 
grass.  However, persistence by this means, although still necessary for the mite vector, is not now 
considered necessary for WSMV as it persists readily inside dormant wheat and maize seeds.  Most 
alternative hosts of WSMV do not show obvious symptoms or damage when infected (Murray et al. 
2005). 
Threat posed to WA wheat production 
The differences between the climates of Australia’s wheat growing regions and those of northern-
hemisphere regions where WSMV occurs, such as the Great Plains region of North America, mean 
that it is still comparatively early to judge the long term potential for this disease in our wheat growing 
areas.  However, the development of such a severe epidemic in NSW in 2005 following the recent 
introduction of the virus to Australia and 3 years of drought conditions in the southeast of the continent 
raises considerable concern over its potential to cause losses in the future.  Thus, the very different 
scenario that emerged in NSW with widespread infection in 2005 compared with the previous small-
scale detections in 2003 and 2004 has highlighted the potential of this exotic pathogen, initially 
considered to be relatively benign, to cause major losses when conditions favour its epidemics. 
Establishment of WSMV in WA would seem likely to result in wide-scale spread and dispersion via 
wheat seed and mite transmission, with the potential for major individual crop losses and epidemics 
when seasonal conditions suit, as in NSW in 2005.  The greatest potential for WSMV spread and 
damage in WA seems to be with early sown wheat in high rainfall zones of the wheatbelt.  Northern 
areas could suffer significantly as their warm autumn and early winter temperatures seem very 
suitable for the mite vector.  However, the ‘green bridge’ is more substantial in southern high rainfall 
areas, especially on the south coast and areas of potential wheat industry expansion south west of 
Katanning, so early sowings in these regions might also be vulnerable. 
Quarantine measures 
Following WSMV detection in eastern Australia and according to the known biology of the disease, in 
July 2003 risk management measures restricting maize seed entry were implemented in addition to 
measures restricting the import of live nursery stock hosts of WSMV.  In December 2005, the 
phytosanitary risk from WSMV in wheat was reconsidered because of: 
• its economic impact in NSW in the 2005 growing season; 
• the demonstration that it is seed-transmitted in wheat; 
• the apparently widespread occurrence of its wheat leaf curl mite vector in wheat growing 
regions of Australia, including those of WA. 
On 9 December 2005, DAWA notified stakeholders of the proposal for temporary emergency 
measures prohibiting the entry into WA of all viable wheat (Triticum aestivum) seed imported from any 
source, except under conditions approved by the Director General.  In considering the need for 
ongoing measures to prevent the introduction and spread of WSMV into WA, a detailed Pest Risk 
Analysis is being undertaken by the Plant Health team at DAWA to determine the risk posed by 
interstate movement of wheat seed. 
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High Plains Virus 
QDPI reported the detection of High Plains Virus (HPV) in wheat breeding plots at Toowoomba in 
2004.  HPV was first discovered relatively recently in the Great Plains region of North America.  It is a 
distinct virus from WSMV but closely related to it and transmitted by the same mite vector.  Whether it 
is seed-borne in wheat is unknown.  Presently little is known about its distribution in Australia or its 
epidemiology, but it can cause similar yield losses to those caused by WSMV.  Like WSMV, HPV is 
not known to occur in WA. 
CONCLUSION 
The potential impact of WSMV on wheat production in Australia was under-estimated in the past, as 
the requirement for a substantial ‘green bridge’ for the mite vector to persist over summer was 
over-estimated, information on the seed-borne nature of WSMV in wheat was not then available, and 
the apparently widespread occurrence of its mite vector in wheat growing areas was not realised.  
Since the virus is seed-borne in wheat, avoiding entry of WSMV to WA requires management of risk 
associated with wheat seed entering the State, including seed from interstate wheat breeding sites 
where WSMV was previously recorded. 
Despite the considerable sampling and testing for WSMV already undertaken in 2003-2005, continued 
active surveillance for this disease is still a high priority in WA. 
As a matter of urgency, consideration also needs to be given to breeding for WSMV resistance in high 
rainfall wheat programs so that virus-resistant varieties can be deployed if/when the virus eventually 
arrives.  This will add to wheat breeding costs and slow overall breeding progress in other areas, but 
the likely benefits and confidence arising from having virus-resistant varieties that provide protection 
against WSMV epidemics more than outweigh such considerations. 
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South coast wheat variety trial results and best 
options for 2006 
Mohammad Amjad1, Ben Curtis1 and Wal Anderson2, Department of Agriculture, 
WA, Esperance1 and Albany2 
KEY MESSAGES 
2005 results 
• Grain yields were generally above average to average depending on the environment on the 
south coast, averaging around 5.28 t/ha on the coastal sandplain, 3.28 t/ha on duplex 
(transitional mallee) and 2.67 t/ha on inland Mallee soils. 
• Screenings and grain proteins were generally low due to softer finish of the season.  Staining of 
grains including Black Point, was high due to wet weather.  
• Short season, early maturing varieties (e.g. Wyalkatchem, H45, EGA Tammarin Rock) were 
frosted and generally yielded lower compared to longer season varieties (e.g. Annuello, GBA 
Sapphire, Braewood).  
• Late May sowing yielded on average 11 per cent better than early May sowing and 18 per cent 
better than mid June sowing on the south coast.  This pattern of response was probably related 
to the impact of heavy rains and waterlogging and frost damage on the second sowing. 
• Varieties generally responded positively to seeding rate and fertiliser nitrogen rate for increased 
grain production probably due to favourable soil moisture and seasonal conditions on the south 
coast. 
Best options for 2006 
Growers should spread risk by growing a mix of varieties with different maturities, disease resistance 
and tolerance to weather damage.  Based on 2003, 2004 and 2005 field experience and the 
performance of new varieties in both agronomy and SEPWA large scale trials across all environments 
in Esperance Port Zone, the best variety options identified for the variety mix in 2006 season are: 
• Annuello – Janz type APW (mid season) but improvement on staining and grain size than Janz. 
• GBA Sapphire – Janz type A. Hard wheat (mid to long season) with better disease resistance. 
• Braewood – Sun type A. Hard wheat (longer season), suited to sprout-prone areas. 
• EGA Eagle Rock (mid season to long season) A. Hard variety, could be considered as low risk, 
and metribuzin tolerant wheat. 
AIMS 
Agronomic investigations were carried out to determine how new wheat varieties respond for yield and 
grain quality to management factors such as sowing times, seed rate and nitrogen rate to local soil 
and climatic conditions. 
METHOD 
2005 Agronomy trials 
More than 24 wheat varieties of different maturity were tested in time of sowing trials in the high 
rainfall, sandplain soils (at Gibson), medium rainfall duplex soils (at Scaddan) and low rainfall mallee 
soils (at Salmon Gums).  These trials were sown in early May at the break of the season (TOS1) and 
then after 2-3 weeks in late May (TOS2) and mid June (TOS3).  The trials were sown after lupin at 
Gibson, after field peas at Scaddan and after pasture at Salmon Gums. 
A subset of 9 wheat varieties was also tested for seed rate and fertiliser nitrogen responses in all three 
environments.  Varieties were sown at 3 seed rates (target plant populations of 50, 100, 200 
plants/m2) and 4 nitrogen rates (nil, 30, 60, 120 kg N/ha).  A basal phosphate fertiliser of 15 kg P/ha  
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was deep banded at seeding.  Nitrogen rates were applied at seeding at Scaddan and Salmon Gums 
but topdressed on the sandplain site at Gibson 4 weeks after seeding. 
Trials were monitored for weeds and diseases during the season.  Disease pressure in the trials in 
2005 was generally very low but one fungicide spray was applied to control foliar diseases in 
agronomy trials. 
2005 SEPWA large-scale trials 
Fifteen large-scale wheat variety trials were conducted and managed in collaboration with SEPWA 
(South East Premium Wheatgrowers Association) throughout the Esperance port zone.  Over 30 new 
wheat varieties both from WA and Eastern States were sown using the nearest neighbour layout with 
a control variety grown in every third plot.  The control variety was generally the variety grown by the 
farmer in the trial paddock.  All trials were sown, managed and harvested with commercial practices 
and equipment. 
RESULTS 
2005 was a comparatively wet year with a very early break providing an opportunity to sow early but 
resulted in severe waterlogging on the sandplain followed by devastating frost in August and October.  
The sites received total rainfalls of 582 mm, 395 mm and 333 mm with growing season rainfall (May to 
October) of 453 mm, 278 mm and 199 mm at Gibson, Scaddan and Salmon Gums respectively.  The 
softer finish of the season resulted in average to above average season on the south coast. 
Grain quality parameters are being measured and not yet available at reporting. 
Variety response to sowing date 
All three soil-moisture environments on the south coast responded differently to sowing times for 
wheat varieties (Table 1).  There was a significant interaction (p < 0.05) between time of sowing and 
wheat varieties for all 3 sites.  Average grain yield ranged from 2.06 t/ha for the mid June sowing on 
Mallee soils to 5.58 t/ha for the late May sowing on Sandplain soils.  Comparatively longer season 
varieties out-yielded the short season varieties more when sown early.  The short season varieties 
were more frosted compared to longer season varieties. 
Variety response to seeding rate 
All varieties generally responded to higher seeding rate (target plant population) and moderately 
increased the grain yield at Gibson, Scaddan and Salmon Gums.  The interactions between seeding 
rate and wheat varieties were generally not significant. 
The trial at Gibson was waterlogged during the season. In addition, the higher seeding rate generally 
made the crop more competitive against common weeds (mostly ryegrass) on all sites. 
Variety responses to nitrogen rate 
All varieties generally responded to higher nitrogen rate and significantly increased the grain yield at 
all trial locations.  The interactions between variety and nitrogen rate were significant at Scaddan and 
Salmon Gums (Table 2).  The trial at Gibson was waterlogged during the season. 
Yield results from SEPWA large scale trials 
All 15 SEPWA trials were harvested and the grain yields were generally above average to average 
depending on the environment.  The grain yield and quality results from these trials are presented in a 
separate article ‘South coast large-scale premium variety trials’.  Other varieties tested from interstate 
in SEPWA trials looked promising during 2005 were as follows: 
• EGA Wentworth – APW (comparatively short season) better than Lang for yield and grain 
quality. 
• EGA Gregory – new Hard wheat (longer season) better than Giles for yield and grain quality. 
• Ellison – Sun type APW (mid season) better suited to sprout prone areas.  Some tolerance to 
sprouting. 
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Table 1. Comparative grain yield (t/ha) of wheat varieties at 3 times of sowing at 3 locations 
S No. Variety/TOS 
Sandplain soils, 
Gibson 
Duplex soils, 
Scaddan 
Mallee soils, Salmon 
Gums 
5 
May 
26 
May 
16 
June 
11 
May 
30 
May 
29 
June 
10 
May 
26 
May 
16 
June 
1 AGT Scythe 5.22 5.66 5.38 3.55 3.70 2.74 3.13 3.28 2.17 
2 Annuello 4.49 5.22 4.81 3.15 3.87 3.32 2.94 2.80 2.17 
3 Braewood 4.85 5.61 5.58 3.92 3.82 3.45 3.14 3.08 2.13 
4 Calingiri 5.26 6.14 5.17 3.39 3.30 2.93 3.17 2.83 2.22 
5 Carnamah 5.27 6.23 5.99 3.38 4.06 3.12 3.20 3.23 2.03 
6 Drysdale 4.13 5.08 5.15 3.19 3.56 2.47 2.64 3.01 1.72 
7 EGA Bonnie Rock 4.86 5.82 5.00 3.20 3.61 2.88 2.47 3.08 2.13 
8 EGA Eagle Rock 4.74 5.46 5.47 2.64 3.57 2.26 2.82 2.94 1.89 
9 EGA Tammarin Rock 4.48 5.30 5.36 2.46 3.38 2.36 2.21 2.90 2.27 
10 Ellison 5.62 5.35 5.47 4.06 3.43 2.38 2.29 2.85 1.70 
11 GBA Ruby 5.18 5.39 5.59 3.59 4.14 3.28 3.03 3.19 2.41 
12 GBA Sapphire 4.62 5.38 5.05 2.49 3.52 2.25 3.03 3.36 2.36 
13 GBA Shenton 4.82 6.11 5.85 3.18 3.94 2.78 2.35 2.72 1.76 
14 GBA3.09.AH 4.59 5.23 4.96 2.77 3.75 2.53 3.08 2.94 1.94 
15 H46 4.73 5.54 5.03 * 3.61 3.08 2.35 3.05 1.98 
16 Lang 4.22 5.01 4.89 3.57 3.94 3.27 3.01 2.80 2.23 
17 Rees 4.61 5.04 5.37 2.47 3.30 2.26 2.64 2.78 1.93 
18 Spear 5.22 5.61 5.83 3.49 4.28 3.04 2.88 3.10 1.90 
19 WAWHT2524 5.44 6.16 5.58 3.66 3.82 3.15 3.54 3.39 2.31 
20 WAWHT2589 5.15 5.39 5.47 3.82 4.58 3.13 3.36 3.36 2.11 
21 WAWHT2713 5.23 5.22 5.50 3.24 3.72 3.51 3.02 2.86 1.87 
22 WAWHT2730 5.36 6.00 5.67 3.23 3.60 2.73 3.13 2.85 2.14 
23 Westonia 5.32 6.42 5.69 3.08 4.25 2.64 3.11 3.29 2.26 
24 Wyalkatchem, t/ha 4.49 5.47 4.69 3.04 3.77 2.47 3.00 3.21 1.91 
lsd (P < 0.05) 
TOS 0.62+ 0.47 0.27 
Variety 0.28 0.37 0.21 
Var* TOS 0.72 0.73 0.43 
Within TOS 0.48 0.63 0.37 
CV % 5.6 12 8.6 
+ Significant at p < 0.1. 
Table 2. Nitrogen rate effects on grain yield (t/ha) of wheat varieties at Scaddan and Salmon Gums 
Variety/N rate, kg N/ha 
Duplex soils, Scaddan Mallee soils, Salmon Gums 
0 30 60 120 0 30 60 120 
Annuello 2.90 3.41 3.58 3.74 2.86 3.20 3.07 3.37 
Carnamah 3.11 3.37 3.60 3.61 2.86 3.34 3.17 3.54 
EGA Eagle Rock 2.28 2.77 3.36 3.50 2.62 3.12 3.20 3.46 
EGA Tammarin Rock 2.67 3.04 3.09 3.53 2.93 3.18 3.36 3.17 
GBA Ruby 2.44 3.20 3.70 3.43 3.06 3.35 3.52 3.09 
GBA Sapphire 3.09 3.71 4.09 4.15 3.04 3.45 3.59 3.50 
GBA Shenton 2.29 2.64 3.33 3.50 2.67 2.82 2.90 3.11 
WAWHT2524 2.58 3.65 3.71 3.85 3.33 3.66 3.76 3.72 
Wyalkatchem 3.09 3.58 3.54 3.92 3.18 3.61 3.68 3.69 
lsd (p < 0.05) 0.32 0.21 
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CONCLUSION 
Matching wheat variety and management factors (sowing time, sowing rate and nitrogen rate) with 
soil-moisture conditions is important for increased yield in the south coast environment.  Crops sown in 
late May produced significantly higher yield than the early May and mid June sowing.  The better than 
average season and the gentle finish in 2005 resulted in above average to average wheat yields on 
the south coast. 
Generally early maturing varieties were badly frosted and resulted in lower grain yield compared to 
long season late maturing varieties.  Grain staining was the major issue due to wet weather damage at 
harvest. 
Based on 2003, 2004 and 2005 field experience and the performance of new varieties for disease, 
grain yield and quality (screenings, protein, staining and falling numbers) in both agronomy and 
SEPWA large scale trials across all environments in the Esperance port zone, the best variety options 
identified for the 2006 seasons included are Annuello, GBA Sapphire, Braewood and EGA Eagle Rock 
for wider adaptation.  New promising interstate varieties tested in 2005 are EGA Wentworth, EGA 
Gregory and Ellison. 
Other high yielding varieties such as Wyalkatchem, Carnamah and EGA Tammarin Rock, require 
special management of early harvest, aeration and drying to avoid staining and low falling numbers on 
the South coast. 
Growing two or more varieties with better resistance to disease, weather damage (staining, sprouting 
and falling numbers) and grain quality parameters should help to spread risks in 2006. 
KEY WORDS 
agronomy, cultivars, time of sowing, sowing rate, plant population, nitrogen rate 
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Dual purpose winter wheats to improve productivity 
Mohammad Amjad and Ben Curtis, Department of Agriculture, WA, Esperance  
KEY MESSAGES 
Dual purpose wheats (e.g. EGA Wedgetail and Wylah, which are winter types with good grain quality) 
have the potential to benefit both livestock and crop production through: 
• spreading extreme climatic risks (e.g. frost, drought, waterlogging) by delaying maturity of early 
sowings; 
• providing grazing in late autumn and early winter; 
• recovery to produce equal or higher grain yield of potentially premium quality; 
• taking advantage of early sowing opportunities (late April) that better utilise the season. 
AIMS 
To highlight and demonstrate the importance of dual purpose wheats to improve the grain feed 
availability for livestock (in late autumn to early winter), spread frost and drought risks and increase 
production of premium grains. 
METHOD 
Grazing wheat trials were established in 2005 at Gibson and Jerramungup.  Long season wheat 
varieties including Wylah and EGA Wedgetail (the dual purpose grazing and premium grain wheats) 
were sown on both locations (Table 1).  The trials were mowed or slashed and the cut biomass was 
removed from plots to simulate grazing about 6-8 weeks after sowing.  Samples (1 m x 2 rows/plot) 
were collected to assess green biomass, dried and weighed.  Flowering dates were recorded at both 
locations.  Trials were mechanically harvested and grains were sampled for grain quality analyses. 
Table 1. Main long season winter wheats and dual purpose wheats tested during 2005 
Variety Test location Comments 
Currawong Gibson Winter wheat, feed quality. 
EGA Wedgetail 
Gibson and 
Jerramungup 
Dual purpose − graze and premium grain wheat, Hard in NSW but 
APW in WA. 
IWWCAN5-6 
Gibson and 
Jerramungup 
Canadian winter wheat.  Quality unknown. 
Lorikeet 
Gibson and 
Jerramungup 
Winter wheat, ASW in NSW but feed in WA. 
Marombi Gibson  Winter wheat, ASW in NSW but feed in WA. 
Thornbill 
Gibson and 
Jerramungup 
Winter wheat, soft biscuit quality in NSW but AGP in WA. 
WAWHT1282 Jerramungup  Longer season cultivar but not a winter wheat. 
Wylah 
Gibson and 
Jerramungup 
Dual purpose − graze and premium grain wheat.  Prime Hard in 
NSW but APW in WA. 
Winter wheats trial at Gibson 
Trials were sown at Gibson on 12 April (1st time of sowing) and 5 May (2nd time of sowing) on sandy 
soils after canola.  Plots were sown 20 m long with 6 rows spaced at 240 mm.  There were three 
replications and half of the sown plots (10 m) across each replicate were randomly grazed (cut) in time 
of sowing blocks.  The grazing was simulated on 9 June for the 1st time of sowing and on 8 July for 
the 2nd time of sowing. 
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Winter wheats trial at Jerramungup 
The trail was sown on 8 April at Jerramungup (Paul Barrett) after pasture but grazing was simulated 
twice (two times of grazing) on 30 June and 27 July in one half of the plots.  Plots were sown 20 m 
long with 7 rows spaced at 220 mm.  Further treatment of date of harvest (1st harvest in December 
2005 and the 2nd harvest in late January 2006) was imposed on the ungrazed plots to study the 
weather damage susceptibility of these long season wheats.  The 2nd time of harvest is not yet 
completed and data are not available at reporting. 
RESULTS 
2005 was a comparatively wet year with a very early break providing opportunities to sow early.  
However, this resulted in severe waterlogging both at Gibson and Jerramungup followed by 
devastating frosts in August and October.  The softer finish of the season resulted in average to above 
average yields at Gibson and Jerramungup.  No major foliar disease was detected in 2005 in either 
trial. 
Grain quality data for both trials are being measured and not yet available at reporting.  Based on 
previous research and field experience with EGA Wedgetail and Wylah on the South Coast, they are 
likely to produce premium quality grains (with high falling numbers) when sown at the same time as 
spring wheats. 
Winter wheat biomass and flowering dates 
At Gibson, the dry matter of 1.0 t/ha (0.9-1.1 t/ha) was removed by simulating grazing.  At 
Jerramungup, the dry matter of 1.44 t/ha (1.0-1.6 t/ha for the first sowing) and 2.23 t/ha (1.8-3.02 t/ha 
for the second sowing) was removed by simulating grazing.  The trial site was heavily waterlogged 
throughout the season.  
Grazing generally delayed the flowering by 1 to 2 weeks, compared to ungrazed, at both locations 
(Table 2). 
Table 2. Flowering dates at Gibson and Jerramungup 
Variety 
Gibson April − 
sowing 
Gibson May − 
sowing 
Jerramungup − April sowing 
Ungrazed 
Grazed − 
June 
Ungrazed 
Grazed 
− July 
Ungrazed 
Grazed 
− June 
Grazed − 
July 
Currawong 19 Sept. 27 Sept. 4 Oct. 11 Oct.    
EGA Wedgetail 19 Sept. 27 Sept. 27 Sept. 4 Oct. 20 Sept. 30 Sept. 6 Oct. 
IWWCAN5-6 27 Sept. 4 Oct. 11 Oct. 19 Oct. 30 Sept. 6 Oct. 14 Oct. 
Lorikeet 19 Sept. 27 Sept. 27 Sept. 4 Oct. 21 Sept. 22 Sept. 23 Sept. 
Marombi 27 Sept. 4 Oct. 4 Oct. 11 Oct.    
Thornbill 19 Sept. 27 Sept. 4 Oct. 11 Oct. 30 Sept. 6 Oct. 14 Oct. 
WAWHT1282     15 Sept. 20 Sept. 14 Oct. 
Wylah 19 Sept. 27 Sept. 4 Oct. 11 Oct. 30 Sept. 30 Sept. 6 Oct. 
Grain yield results 
At Gibson, the grazed wheats yielded significantly better (on average 1 t/ha) for most varieties 
compared to ungrazed when sown in April but there was no difference in yield when sown in May 
(Figure 1).  April sowing yielded up to 1 t/ha more than the May sowing. 
In case of dual purpose wheats at Gibson, the time of sowing and grazing had no effect on the yield of 
EGA Wedgetail but Wylah yielded significantly better when sown in April and grazed.  There was no 
difference in yield for grazing when sown in May. 
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Figure 1. Grain yield of grazed and ungrazed winter wheats sown in April and May at Gibson (lsd for 
grazing treatment:  0.38 t/ha P < 0.05). 
At Jerramungup, the grazed wheats yielded on average 2.3 t/ha compared to the ungrazed wheat at 
2.9 t/ha, but there was no yield difference between two times of grazing (Figure 2). 
In the case of dual purpose wheats at Jerramungup, EGA Wedgetail and Wylah yielded 4 and 8 per 
cent better than the site average of 2.5 t/ha. 
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Figure 2. Grain yield of grazed and ungrazed winter wheats at Jerramungup in 2005 (lsd for grazing 
treatment:  0.28 t/ha P < 0.05). 
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CONCLUSION 
The trials results of 2005 both at Gibson and Jerramungup have indicated that dual purpose wheat 
varieties (such as EGA Wedgetail, and Wylah) are potentially better suited if an early sowing 
opportunity exists in the season. 
Both dual purpose wheats yielded in the rage of 4 t/ha at Gibson and 2.6 t/ha at Jerramungup and 
provided additional benefit of grazing.  In addition they both have good resistance to all three rusts and 
low falling numbers.  Extensive research and economic data on the performance of these dual 
purpose wheats under livestock grazing and harvested grains are available from the Eastern States 
(Hugh Dove, CSIRO).  
Potential advantages of dual purpose wheats 
• Premium grade wheat, not feed. 
• Potential to benefit both livestock and crop production. 
• Good resistant to rusts and weather damage (some data available on Wylah and EGA 
Wedgetail from the Esperance region). 
• Might help to reduce frost risks as winter wheats delay maturity when sown early. 
• Might help to produce better yield after grazing if dry spring occurs (experience from Eastern 
States in 2003/2004). 
• Wylah had produced better yield and grain quality when sown and compared with normal 
wheats (SEPWA trials 2001). 
Management of dual purpose wheats 
• Should be sown before late April if possible, particularly in low lying areas. 
• Split application of nitrogen is needed at sowing and then after grazing. 
• Graze stock (sheep or cattle) at the tillering stage, about 6-8 weeks after sowing. 
• De-stock before stem elongation to prevent head removal by grazing. 
• Wheat can cope well with grazing pressures of 25 DSE/ha without affecting grain yield (Hugh 
Dove, CSIRO). 
• Try to avoid grazing during very wet periods to avoid bogging and compaction. 
• If not interested in grazing, just manage as a normal wheat crop and harvest premium quality 
grains. 
KEY WORDS 
long season winter wheat, dual purpose wheats, grazing wheats, simulated grazing 
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South coast large-scale premium wheat variety trials 
Mohammad Amjad and Ben Curtis, Department of Agriculture, WA, Esperance 
KEY MESSAGES 
Based on three years collaborative trials (2003 to 2005) of variety performance for disease resistance, 
grain yield, grain quality and weather damage (black point, fungal staining and falling numbers), the 
south coast cereal growers and researchers have identified the following varieties that have shown 
wide adaptation to soil types and environments: 
• Annuello – Janz type APW (mid season) but improvement on staining and grain size than Janz. 
• GBA Sapphire – Janz type A. Hard wheat (mid to long season) with better disease resistance. 
• Braewood – Sun type A. Hard wheat (longer season), suited to sprout-prone areas. 
• EGA Eagle Rock (mid season to long season) A. Hard variety, could be considered as low risk, 
and metribuzin tolerant wheat. 
AIMS 
The aim was to evaluate the suitability of new wheat varieties and potential crossbreds both from WA 
and interstate in the south coast environment.  
METHOD 
Seventeen large-scale wheat variety trials were conducted during 2005 in collaboration with the South 
East Premium Wheatgrowers Association (SEPWA) throughout the Esperance port zone.  
Over 30 new wheat varieties and promising cross-breds from all over Australia were tested.  These 
trials were partially replicated with the control variety as every third plot.  The control variety was 
generally the variety used by the farmer in the trial paddock. 
All trials were sown, managed and harvested with commercial practices and equipment. 
Trials were monitored for weeds and diseases during the growing season. 
Farmer’s experience and field observations about crop growth, diseases, lodging, head losses, 
harvestability and threshability of new varieties were also collected and recorded. 
RESULTS 
2005 was a comparatively wet year with a very early break providing an opportunity to sow early but 
resulted in severe waterlogging on the sandplain followed by devastating frost in August and October. 
With the good back-up rains in spring around grain filling and at the end the softer finish of the season 
resulted in above average to average grain yield.  In some areas the grain quality was downgraded 
due to staining and Black Point caused by wet weather at harvest. 
All trials were harvested and grain quality samples were collected for assessment of delivery 
standards.  Grain yield and quality results from 3 trials are presented (Tables 1-3).  Yields averaged 
around 3.5 t/ha, 5.4 t/ha and 2.7 t/ha on sandplain, duplex and mallee soils.  
Some varieties were also tested in small scale agronomy trials.  Both large and small scale trials add 
value to each other.  Comparative variety grain yield results for management factors (time of sowing, 
seeding rate and nitrogen rate) from small scale agronomy trials are presented in a separate article 
“South coast wheat variety results and best options for 2006. 
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Table 1. Grain yield and quality for wheat varieties on Sandplain site at Condingup (Andrew Fowler), 
annual rainfall > 500 mm, growing season > 400 mm 
P
lo
t 
Variety 
(control in bold) 
Y
ie
ld
 k
g
/h
a
 
Y
ie
ld
 
%
 o
f c
o
n
tro
l 
P
ro
te
in
 %
 
M
o
is
tu
re
 %
 
H
e
c
t. w
t 
S
c
re
e
n
in
g
 %
 
S
ta
in
e
d
 g
ra
in
s
 
F
a
llin
g
 N
o
s
 
1 H45 3217  12.8 13.6 79 1.1 155 294 
2 EGA Castle Rock 2339 73% 12.8 13.8 76 1.4 31 338 
3 EGA Gregory 3058 92% 121.4 13.6 81 2.0 49 424 
4 H45 3333  13.1 13.6 80 1.5 60 330 
5 Flamenco 1958 59% 15.2 13.4 78 1.3 32 252 
6 Braewood 4296 119% 12.3 13.6 81 2.2 88 311 
7 H45 3619  13.1 13.6 80 1.5 116 304 
8 GBA 03-09AH 3884 107% 12.4 13.2 80 1.5 88 325 
9 EGA Wentworth 3873 105% 12.6 13.1 79 2.1 54 369 
10 H45 3683  13 13.4 81 1.6 123 340 
11 H46 3418 93% 13.6 13.5 79 1.4 119 378 
12 WAWHT2524 3556 98% 13.1 13.1 80 2.4 27 380 
13 H45 3640  13.3 13.3 80 1.8 97 300 
14 GBA 03-09CS 3450 95% 12.8 13.1 80 1.5 85 302 
15 QT13261 1296 41% 13.9 13.1 80 1.9 55 285 
16 H45 3185  13.4 12.9 80 1.8 93 364 
  lsd (p < 0.05) 287        
Table 2. Grain yield and quality for wheat varieties on Duplex site at Grass Patch (Ron Longbottom), 
annual rainfall > 400 mm, growing season > 300 mm 
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1 Annuello  5412  10 11.5 82 0.8 5 367 
2 Odiel 4342 80% 11.3 11.6 80 0.5 11 360 
3 EGA Gregory 4958 89% 10.5 11.5 82 0.8 7 350 
4 Annuello 5550  10.2 11.5 82 1.5 5 411 
5 EGA Wentworth 5336 96% 10.7 11.2 81 1.2 10 358 
6 Braewood 5097 106% 11.1 11.5 82 0.7 10 424 
7 Annuello 4820  10.9 11.2 80 2.3 9 268 
8 Ventura 4556 95% 12.2 11.6 82 0.6 4 458 
9 EGA Wyllie 4996 89% 11.2 11.5 81 1.1 7 289 
10 Annuello 5625  10.5 11.6 83 0.9 10 370 
11 EGA Tammarin Rock 3260 58% 13.2 11.7 78 0.8 41 262 
12 GBA 9 AS 4946 90% 11.2 11.6 82 0.5 20 406 
13 Annuello 5525  10.6 11.5 82 0.6 5 385 
14 H46 4279 77% 12.5 11.7 80 0.7 11 423 
15 Rees 4266 85% 11 11.6 82 1.0 1 403 
16 Annuello 5021  10.7 11.6 81 1.8 3 344 
 lsd (p < 0.05) 470        
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Table 2. Grain yield and quality for wheat varieties on Mallee site at Salmon Gums North (Rod McRea), 
annual rainfall > 300 mm, growing season > 200 mm 
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0 EGA Castle Rock 2566 89% 10.4 11.8 83 1.0 8 335 
1 Carnamah  2890  9.4 11.7 83 1.6 6 392 
2 Flamenco 2208 76% 10.9 12.1 82 1.3 9 364 
3 GBA Sapphire 2687 96% 10.1 11.8 84 1.5 11 392 
4 Carnamah 2809  9.5 11.8 83 1.6 10 358 
5 EGA Wentworth 2801 100% 9.7 11.8 83 0.9 5 374 
6 H46 1896 69% 12.7 12 81 1.1 7 469 
7 Carnamah 2760  9.4 11.8 83 1.5 7 370 
8 EGA Eagle Rock 2273 82% 11.1 11.7 80 1.3 3 349 
9 Odiel 2087 82% 10.6 11.8 81 1.3 10 314 
10 Carnamah 2533  9.6 11.8 82 2.1 5 385 
11 EGA Wyllie 2403 95% 9.6 11.8 82 1.8 5 395 
12 Tammarin Rock 2054 76% 11.4 12 81 1.3 45 361 
13 Carnamah 2687  9.5 12.1 83 1.9 4 392 
14 Braewood 2793 104% 9.6 11.9 82 1.0 6 368 
15 GBA Ruby 2460 89% 10.9 12 84 1.1 3 384 
16 Carnamah 2760  9.7 12.1 83 2.0 2 355 
 lsd (p < 0.05) 197        
CONCLUSION 
Based on 2003, 2004 and 2005 field experience and the performance of new varieties for disease, 
grain yield and quality (screenings, protein, staining and falling numbers) in both agronomy and 
SEPWA large scale trials across all environments in the Esperance port zone, the best variety options 
identified for the 2006 seasons included are Annuello, GBA Sapphire, Braewood and EGA Eagle Rock 
for wider adaptation.  In 2006, growers should choose 2 or 3 varieties with different maturities, disease 
resistance and grain quality characteristics to spread their risks.  
Generally early to mid maturing varieties were badly frosted in 2005 (e.g. H46, EGA Tammarin Rock) 
and resulted in lower grain yield compared to mid to long season late maturing varieties (e.g. Annuello, 
GBA Sapphire, Braewood).  Grain staining was the major issue with most of varieties due to wet 
weather damage at harvest.  
Overall the longer season varieties yielded better than shorter season varieties due to the good finish 
in 2005.  Annuello, GBA Sapphire, Braewood and EGA Wentworth yielded the highest in all three 
environments of sandplain, duplex and mallee soils. 
Among the Soft White Winter (SWW) type wheats tested during 2005, the GBA 03-09CS and GBA 
GBA 9 AS yielded better than Flamenco on most of the sites but all these varieties produced greater 
protein than the required range of 9 to 10 per cent. 
GBA 03-09AH (the new potential hard variety) also gave promising results on most sites.  Other 
promising new varieties from interstate tested in 2005 but in need of further testing in 2006 include: 
• EGA Wentworth − APW (comparatively shorter season) better than Lang for yield and grain 
quality; 
• EGA Gregory – new Hard wheat (longer season) better than Giles for yield and grain quality; 
• Ellison – Sun type wheat, APW (mid season) moderately tolerant to sprouting. 
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Grain yield and quality data for all 17 trials are displayed on the SEPWA website:  www.sepwa.org.au. 
KEY WORDS 
variety evaluation, wheat cultivars, grain yield, quality 
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Optimal input packages for noodle wheat in 
Dalwallinu – Liebe practice for profit trial 
Darren Chitty, Agritech Crop Research and Brianna Peake, Liebe Group 
KEY MESSAGES 
Actively managing input levels throughout the growing season was the most profitable input package 
in 2005.  
AIM 
To determine optimal input packages for noodle wheats in Dalwallinu. 
BACKGROUND 
For the past 5 years the Liebe Group has funded a noodle wheat trial called ‘Practice for Profit’.  The 
trial is located at the Liebe Main Trial site every year and therefore effectively moves throughout the 
Dalwallinu shire being placed on different soil types in different rainfall zones each year.   
The trial was designed in order to determine the profitability of noodle wheat varieties for four levels of 
crop management inputs – low, district average, high and seasonally active.  These treatments were 
applied to wheat varieties Arrino and Calingiri. Arrino was chosen for its disease susceptibility, with 
Calingiri being a longer season variety well adapted to the local environment with better disease 
resistance. 
METHOD 
In 2005 the trial was sown on 18 May on a red loam.  The paddock was in pasture in 2004 and wheat 
in 2003.  Seeding rate treatments were low – 50 kg/ha, district – 75 kg/ha, high – 100 kg/ha and 
active – 70 kg/ha.  Growing season rainfall was 258 mm. 
Low input treatments are based on a farmer delivering grain to the bin at the lowest possible cost, 
regardless of seasonal conditions.  District average inputs are based on what is determined as 
common grower practice in the Liebe Group area.  High input treatments simulate a paddock with high 
yield potential matched with increased management inputs to maximise yields and profitability.  The 
Active treatments are based on making informed decisions about crop inputs throughout the growing 
season.  These decisions are dependent on seasonal conditions and are decided by the Liebe 
Research and Development Committee. In 2005, for the first time, the active fertiliser decision making 
by the committee was assisted with yield predictions from Yield Prophet.  Yield Prophet uses APSIM 
(agricultural production simulation model) to estimate grain yields based on seasonal growing 
conditions and management inputs. 
The trial protocol was originally designed by The Liebe Group Research and Development (R&D) 
Committee, Agritech Crop Research, Farmanco Farm Management Consultants and CSBP.  Agritech 
is contracted by the Liebe Group to sow and manage the trial.  The trial is intended to run over 10 
seasons with 2005 being the fifth year. 
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RESULTS 
Table 1. Yields (t/ha) and gross margins ($/ha) from previous years (2001-2004) 
   Yield (t/ha) Gross margin ($/ha) 
No. Treatment 2001 2002 2003 2004 2001 2002 2003 2004 
1 Arrino Low 1.83 ` 1.95 1.31 $381.3 -$38.5 $448.5 $190.1 
2 District 2.00 ` 2.37 2.19 $355.5 -$101.7 $492.0 $271.9 
3 High 2.13 ` 2.20 1.93 $267.6 -$179.7 $351.5 $136.1 
4 Active NA ` 1.94 2.14 NA -$45.1 $411.1 $282.5 
5 Calingiri Low 1.93 ` 2.24 1.42 $419.0 -$38.5 $512.4 $181.3 
6 District 2.07 ` 2.41 1.92 $322.6 -$101.7 $483.8 $202.1 
7 High 2.10 ` 2.37 2.00 $234.8 -$179.7 $392.4 $130.4 
8 Active NA ` 2.24 1.62 NA -$45.1 $487.1 $166.4 
Note:  2002 was a drought and no harvest took place.  Active management introduced in 2002. 
Table 2. Crop counts, vigour, weed control, head counts and yield in 2005 
   Crop Crop Ryegrass Head Crop 
   counts vigour control counts yield 
   per m row 1-9 % per m row t/ha 
   15/06/05 15/06/05 29/08/05 6/10/05 16/11/05 
Crop/weed stage   Z15 Z15 Z31-Z32 Z71 Z95 
Trt-eval. interval   28 DA-A 28 DA-A 103 DA-A 141 DA-A 182 DA-A 
No. Treatment Rate      
1 Arrino − Low Input 50 kg/ha 23.1 b 7.0 b 5.0 c 42.1 e 1.00 d 
 Glean 10 g/kg                    
 DAP 50 kg/ha                    
 Diuron  350 mL/ha                    
 LVE MCPA 400 mL/ha                     
2 Arrino − District Input  70 kg/ha 26.1 b 7.7 ab 95.0 a 59.9 bc 1.37 a 
 Premis 1 L/t                    
 Trifluralin 1.5 L/ha                    
 Logran 35 g/ha                    
 Agstar 100 kg/ha                    
 Urea (IBS) 50 kg/ha                    
 2-4D Amine 1 L/ha                    
3 Arrino − High Input 100 kg/ha 35.2 a 8.7 a 95.0 a 71.3 a 1.17 c 
  Real 1.5 L/t                    
  Trifluralin 1.5 L/ha                    
  Logran 35 g/ha                    
  Agstar 140 kg/ha                    
  Urea (IBS) 80 kg/ha                    
  Giant 1 L/ha                    
  Triad 500 mL/ha                    
  MOP 80 kg/ha                    
  Coptrel 250 mL/ha                     
4 Arrino − Active mngmnt 70 kg/ha 24.2 b 7.0 b 90.0 b 53.1 d 1.30 abc 
  Trifluralin 1.5 L/ha                    
  Agstar 42 kg/ha                    
  Flexi N (Z13) 80 L/ha                    
  LVE MCPA 1.2 L/ha                    
5 Calingiri – Low input as above 23.2 b 7.0 b 5.0 c 38.3 e 1.19 C 
6 Calingiri − District input  as above 26.0 b 8.0 ab 95.0 a 56.4 cd 1.44 A 
7 Calingiri − High input as above 33.2 a 8.7 a 95.0 a 63.7 b 1.21 Bc 
8 Calingiri − Active mngmnt as above 24.8 b 7.7 ab 90.0 b 52.1 d 1.35 Ab 
lsd (P = .05)     5.3 1.2 1.1 4.6 0.152 
CV     11.2 8.6 0.9 4.8 6.910 
Means followed by same letter do not significantly differ (P = .05, lsd). 
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Table 3. Grain yield, quality, receival grade and gross margins for 2005 
Treatment 
Yield 
(t/ha) 
Protein 
(%) 
Screenings 
(%) 
Grade 
Gross margin 
$/ha 
Arrino Low 1.00 9.5 3.17 ASWN 158.11 
District 1.37 11.1 4.35 ASWN 164.52 
High 1.17 13.3 4.28 ASW -2.03 
Active 1.30 11 3.41 ASWN 191.04 
Calingiri Low 1.19 9.3 3.53 ASW 162.55 
District 1.44 13.7 3.01 ASW 137.11 
High 1.21 15.8 5.78 ASW 5.01 
Active 1.35 10.9 3.98 ASWN 182.39 
Note: 2005 GM ($/ha) assuming EPR base rates ASW ($176) and ASWN ($191) as of the week of 1 December 
2005.  Variety premium for Arrino $14/t. 
Plant counts and crop vigour 
Plant counts reflected the seeding rate used, with the high input treatment having significantly higher 
numbers than the other treatments.  The low input treatment showed the least amount of vigour, as a 
result of minimal nitrogen and weed competition (Table 2). 
Weed control 
The 2005 site had a higher weed burden than previous years (particularly ryegrass).  Glean, which 
was used in the low input treatment, gave control of only 5 per cent.  This differed significantly to the 
other input treatments, which all contained trifluralin and gave control ranging from 90-95 per cent.  
CONCLUSION 
On the heavy red loam soil type, moisture stress in July coupled with competitive ryegrass, resulted in 
the low and high input packages being less productive than the district and active input packages.  
The low input treatment was the lowest yielding for both Calingiri (1.19 t/ha) and Arrino (1.00 t/ha).  
This was a result of less nutrition and higher weed numbers. 
The District Input treatments yielded the highest for both Calingiri (1.44 t/ha) and Arrino (1.37 t/ha).  
However, this was not statistically greater than the Active Management treatments at 1.35 and 
1.30 t/ha respectively.  The high input treatments (Arrino 1.17 t/ha, Calingiri 1.21 t/ha) with greater tiller 
density, suffered severe moisture stress during the dry July.  Consequently, these treatments were 
similar in yield to the low input treatments.  
In comparing the two varieties across all treatments, the Calingiri averaged 1.30 t/ha and Arrino 
1.21 t/ha.  Despite Calingiri yielding higher, Arrino was more profitable in 2005.  This was because 
Arrino achieved the noodle payment grade more frequently and also received a premium of $14/t over 
Calingiri.  Little would separate the two varieties in terms of gross margins had Calingiri achieved the 
noodle grade more consistently. 
The Active Management treatment was the most profitable in 2005 (Table 3).  This treatment 
managed weeds effectively, provided the correct nutrition to achieve noodle quality, whilst also 
keeping costs in line with potential yield.  The low input and district input treatments performed equally 
in 2005, although it should be mentioned that the poor grass control of the low input treatment will 
result in a considerable weed burden in 2006.  The residual nutrient value of the various treatments 
also must be considered for subsequent years cropping. 
KEYWORDS 
noodle wheat, input package 
Project No.: Liebe Group ‘Practice for Profit’ 
Paper reviewed by: Barrett Sinclair, Agritech 
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In-crop risk management using yield prophet® 
Harm van Rees1, Cherie Reilly1, James Hunt1, Dean Holzworth2, Zvi Hochman2; 
1Birchip Cropping Group, Victoria; 2CSIRO, Toowoomba, Qld 
KEY MESSAGES 
Climate variability is something we have to learn to live with and manage better.  We all need to be 
prepared to learn more about the impact of increasing temperature and rainfall variability on the 
bottom line of a farm business.  The critical management issues are: 
• know the potential of the main soil types on the farm (subsoil limitations, water holding capacity, 
etc.); 
• know the nutrient and moisture status of paddocks before sowing; 
• tailor crop choice and sowing time to seasonal conditions and paddock potential in April/May; 
• do not put all inputs up front; 
• use tools to follow crop potential and likely response to inputs during the season; 
• such tools are an aid to, but not a replacement for, good agronomy − spend more time with 
crops and look for tell tale signs of nutrient deficiencies, diseases and very importantly weeds; 
• keep a close eye on seasonal forecasts; 
• watch expenditure but take the opportunity to make a profit when probabilities are favourable. 
AIMS 
There is no denying that in the Eastern States we are living through a long dry spell.  The last time it 
was as dry for so long was in the 1930s to ‘40s.  Many areas in south-eastern Australia have not had 
above average growing season rainfall since 1996, and some of these seasons have been well below 
average.  It is a challenge for any farming enterprise to survive such a long dry period, especially with 
current high costs of production.  
What is the cause of this dry spell?  Is it climate change or is it just natural variability?  There has been 
a massive and unprecedented increase in greenhouse gases in the world’s atmosphere since the start 
of the industrial revolution, and many scientists believe that this is the cause of climate change.  It 
certainly has had an impact on temperatures, but the impact on rainfall is less clear.   
For those who are making a living out of cropping in Australia, the cause of climate change does not 
really matter.  What is important is that we learn to better manage the variability in our climate. 
What we urgently need to do is look at managing our crops better during the season.  Currently, most 
decisions regarding a crop are made at sowing.  Most of the inputs and costs are upfront and there is 
not really much we can do during the season, except for topdressing N, K and S when yield potential 
is high.  Are there things we can do in-crop that will make it more likely to yield well in a good season 
whilst maintaining yield in poorer seasons? Can we become more responsive to seasonal conditions? 
METHOD 
A series of un-replicated demonstration plots were sown to wheat (cv. Yitpi) at Birchip and Marnoo, in 
Victoria.  The treatments in each of the demonstrations are outlined in Table 1. 
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Table 1. Philosophy, description and costs for each risk treatment.  Costs are worked out on inputs 
and machinery costs (machinery is costed at 75 per cent of local contract rates) 
Risk treatment Philosophy and description 
Costs $/ha 
Birchip Marnoo 
1. High Inputs Go for it from the start! 
Pre-drill urea; knockdown; seed rate 175 pl/m2; moderate rate of 
Granulock 10Z, stripe rust fungicide with fertiliser; topdress N in crop; 
fungicide. 
 
178 
 
254 
2. Moderate 
Inputs 
Steady 
Cultivate; knockdown; seed rate 175 pl/m2; moderate rate of NRich 
24; low rate of topdressing N in crop when response is very likely; 
fungicide only if required in crop. 
 
117 
 
163 
3. Low Inputs Save every penny 
Cultivate; cheap residual herbicide; low rate of MAP; low seed rate 
120 pl/m2, fungicide only if stripe rust is bad. 
 
93 
 
107 
4. In-crop 
canopy 
manipulation 
On the ball and play safe in a dry season 
Inputs same as for Moderate Inputs and watch the season like a 
hawk – if a decile 3 or less at the end of August, remove every third 
row of crop (saves water for the two remaining rows). 
 
134 
 
157 
5. Topdress N On the ball and increase inputs with a good outlook 
Inputs the same as for the Moderate Inputs and watch the season 
like a hawk, if the probabilities stack up then topdress N at the end of 
August. 
 
144 
 
210 
We used the APSIM model accessed through the Yield Prophet web interface to help us in our 
decision making for treatments 4 and 5, and made the model output available to BCG members 
through the monthly Yield Prophecy fax-out.  The Yield Prophecy also reported on four different 
seasonal rainfall forecasting systems:  1) Decile technique;  2) Southern Oscillation Index (SOI);  
3) Bureau of Meteorology; and  4) GESS (Global ENSO Sequence System). 
RESULTS 
Seasonal forecasts 
At the end of August, the growing season rainfall was below average at both sites.  Yield Prophecy #4, 
issued on 8 September reported on the four different forecasting systems. 
1. Decile technique:  Based on rainfall from 1 April to 30 August the forecasts were for Birchip to 
finish in decile 2 to 3 and Marnoo in decile 3 to 4. 
2. SOI:  The July-August phase of the SOI was rapidly falling, this phase is not a strong indicator 
of either wet or dry conditions.  A rapidly falling phase at this time of the year has little skill in 
forecasting rainfall for the next three months.  There is no difference between this forecast and 
taking the average of the last 100 years rainfall for September to November. 
3. Bureau of Meteorology:  40 to 50 per cent chance of achieving average rainfall for September to 
November (similar to 2. above). 
4. GESS (Global ENSO Sequence System):  For the September/October forecast, three out of five 
analogue years were average to above average, the other two analogue years had below 
average rainfall.  This forecast also had little skill. 
Seasonal rainfall 
September was dry and October was above average.  Rainfall for September and October was 73 mm 
at Birchip (average is 74 mm) and 85 mm at Marnoo (average is 89 mm).  By the end of October the 
Growing Season Rainfall was below average at both sites (Figure 2).  Birchip finished in decile 3 and 
Marnoo in decile 4. 
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Birchip Marnoo 
GSR 201 mm; Decile 3 GSR 265 mm; Decile 4 
  
Figure 2. Growing season rainfall and decile finish for Birchip and Marnoo. 
Yield estimates using yield prophet 
There is always uncertainty in rainfall outlooks and it always pays to have a good knowledge of crop 
performance, needs and likely yield.  The yield predictions from Yield Prophet in early September 
(issued in Yield Prophecy #4, 8 September) are presented in Table 2 along with actual demonstration 
results from treatments 2 (Moderate Input) where no further N was topdressed, and 5 (Topdress N). 
Table 2. Yield Prophet simulated yields on 8 September and actual harvested yields for no N and 
topdressed N at Birchip and Marnoo 
Topdressed N 
(kg/ha) 
Birchip Marnoo 
Actual 
Yield Prophet probability 
8 September Actual 
Yield Prophet probability 
8 September 
20% 50% 80% 20% 50% 80% 
None 2.2 2.2 1.5 1.2 3.4 3.1 2.9 2.3 
+ N* 2.4 2.4 1.5 1.2 4.5 4.7 3.9 3.0 
* Topdressing at Birchip 25 kg N/ha:  At Marnoo 60 kg N/ha. 
In early September Yield Prophet indicated that there was a very low probability of achieving a yield 
response from topdressing N at Birchip. Yield Prophet probability of a yield response from topdressing 
N at Marnoo was much higher, and actual yield increased from 3.4 t/ha to 4.5 t/ha with topdressing. 
Demonstration yields and gross margins 
To calculate gross income, the quality of the Yitpi grain was used to determine the classification 
payment, plus bonuses based on protein and screenings using the Grower Rewards payment matrix.  
Costs were based on input costs plus the cost of the operation (priced at 75% of contract rates).  The 
gross margin is the difference between the gross incomes and costs (Table 3).  
Table 3. Crop yield, income, costs and gross margins for 5 treatments at Birchip and Marnoo 
Treatments 
Birchip Marnoo 
Yield 
t/ha 
Income* 
$/ha 
Costs# 
$/ha 
GM 
$/ha 
Yield 
t/ha 
Income* 
$/ha 
Costs# 
$/ha 
GM 
$/ha 
1. High Inputs 2.1 422 178 242 4.7 777 254 523 
2. Moderate Inputs 2.2 442 117 325 3.8 600 163 437 
3. Low Inputs 2.3 459 93 366 3.5 460 107 354 
4. In-crop canopy 
manipulation 
2.5 487 134 353 3.7 561 157 404 
5. Topdress N 2.4 469 144 325 4.5 843 210 633 
* Income calculated from grain yield; delivery classification; bonuses for variety, protein and screenings. 
# Costs calculated from inputs costs and operations (charged at 75% of contract rates). 
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At Birchip the High Inputs gross margin was much less compared to the other four treatments.  This 
was primarily due to all five treatments yielding similarly but the input costs for the High Inputs 
treatment being much higher compared to the others. 
At Marnoo the highest gross margin is for the treatment which had few inputs up front and put out N 
fertiliser as a topdressing.  The treatments with low N inputs did not yield very well and had lower 
protein and consequently suffered less financial return. 
CONCLUSION 
Seasonal forecasts 
The decile forecast was accurate for both sites, but could not have predicted the very favourable 
conditions for crop growth in October (cool and average to above average rainfall).  The SOI, BOM 
and GESS forecasts had little skill.  2005 was not a good year for these last three forecasts in terms of 
providing certainty about a particular outcome.  This does not mean that these forecasting systems 
don’t work – it just means that in 2005 the signals were not strong enough to provide a forecast for 
either wet or dry conditions.  In seasons when the four forecasts used in combination are in agreement 
they provide a powerful tool in estimating likely rainfall for the rest of the season.  In 2005, it was a 
fifty-fifty situation, which when considering further inputs suggested that Birchip was highly unlikely to 
get a topdressing N response whereas at Marnoo the response was very likely. 
Yield estimates using yield prophet  
The Birchip site had severe subsoil restrictions to root growth (high boron, salinity and sodicity) and 
Yield Prophet estimated the yield potential very accurately.  It also accurately predicted that in-crop N 
inputs were never going to be a paying proposition. 
The Marnoo site was on a deep Wimmera clay (Grey, Self-mulching Vertosol) with no restrictions to 
root growth.  The Yield Prophet underestimated the yield achieved without N fertiliser, but was 
accurate in predicting the large response to topdressing N at this site. 
For both sites the Yield Prophet proved to be an excellent tool for supporting pre-crop and in-crop 
decisions in relation to seasonal outcomes and input requirements. 
Demonstration yields and gross margins 
The risk management demonstration results were a timely reminder of the importance of knowing the 
potential of your soils and crops.   
At Birchip, the combination of a site with low potential (high subsoil limitations resulting in a low plant 
available water capacity) and a relatively dry season meant that low expenditure played a major role in 
profit.  The more spent the less profit was made.  Removing every third row of wheat in September 
appeared to have had some success at this site – this risk management strategy needs to be studied 
in more detail. 
At Marnoo where the site had a better soil and rainfall outlook, the higher inputs payed off.  The 
topdressing N fertiliser treatment proved to be the most economic because the late application of N 
improved yield as well as protein, which resulted in a higher classification of the grain compared with 
the pre-drilling of N treatment. 
KEY WORDS 
risk management, Yield Prophet 
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Yield Prophet® 2005 – On-line yield forecasting 
James Hunt1, Harm van Rees1, Zvi Hochman2, Allan Peake2, Neal Dalgliesh2, 
Dean Holzworth2, Stephen van Rees1, Trudy McCann1 and Peter Carberry2; 
1Birchip Cropping Group, Victoria; 2CSIRO, Toowoomba, Qld 
KEY MESSAGES 
Yield Prophet in 2005 had many new features and capabilities and was delivered to 338 subscribed 
paddocks Australia-wide.  From 5 April to 1 December, 6,813 reports of various types were generated 
by subscribers, with most around time of topdressing. 
Final simulated yields for wheat crops, using paddocks with appropriately measured soil 
characterisation and initial soil data, fitted observed yields with comparable results to previous 
seasons (R2 = 0.74, 67% of simulated yields within 0.5 t/ha of observed, 98 % within 1.0 t/ha).  
However, overall accuracy for all subscribed crops was lower due to expansion into new regions with 
less soil characterisation data available.  Yield Prophet simulates crop yield more accurately than it 
does grain protein content. 
The 2005 season again emphasises the importance of providing Yield Prophet with quality soil input 
data.  
AIMS 
Yield Prophet (www.yieldprophet.com.au) is a web interface for the crop production model APSIM 
(www.apsim.info).  It simulates crop growth based on paddock-specific inputs of soil type, pre-sowing 
soil water and nitrogen, rainfall, nitrogen fertiliser applications, irrigation and climate data.  Using local 
meteorological records, it can be used to determine the likely impact of management decisions on 
crop yield, and is a valuable tool for risk management. 
2005 is the third year of Yield Prophet’s commercial delivery, with 338 paddocks subscribed to the 
service.  Subscriptions directly involved 236 growers, 38 agronomic consultants, 8 government 
extension and research officers and 7 grower groups.  Users generated 6813 reports from 5 April to 
1 December 2005, with most demand experienced when nitrogen topdress decisions were being 
made in August and September. 
An appropriately measured soil characterisation is essential for Yield Prophet to simulate crop growth, 
yield and protein accurately.  The plant available water capacity (PAWC) and bulk density of a specific 
soil type determine how much water and nitrogen within that soil is available to the crop for growth 
during the season (see www.farmscape.cse.csiro.au/farmscape/SoilMatters for discussion of these 
terms). 
New features, made available for the first time in 2005 included a trial barley and sorghum simulation 
capability (in addition to wheat): a report showing the likely impact on yield of different sowing dates 
and varieties; a fallow report returning the probability of plant available soil water content at sowing; a 
set of reports to assist with irrigation scheduling; and a nitrogen gross margin report based on applied 
fertiliser, its cost and grain prices. 
METHOD 
In 2005 users registered for Yield Prophet from March until June, and were required to provide 
segmented soil analysis data (soil water content, nitrate, EC and pH of samples taken from 0-10, 
10-40, 40-70, 70-100 cm soil depth) for their paddocks prior to sowing.  Some subscribers opted to 
use ‘Deep N’ soil test results (nitrate and sometimes soil water content from 0-60 cm soil depth). 
The Yield Prophet team have a ‘library’ of soil characterisations measured for many of the major 
cropping soil types found within BCG’s membership catchment and other regions Australia-wide.  
However, in 2005 many subscribed paddocks had soil types for which there were no available 
measured characterisation data.  In these circumstances, a soil characterisation was estimated by the  
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Yield Prophet team based on soil type and previous rainfall and crop yields provided by growers, and 
any information available from existing soil surveys.  
One of the major new features of Yield Prophet in 2005 was its ability to simulate barley production.  In 
order to achieve this, parameters in the APSIM wheat module were modified to represent the growth 
and development of different barley cultivars based on the 2004 data from BCG’s variety trial at 
Lubeck and DPI Victoria phenology observations from Horsham and Walpeup over a number of 
seasons and varieties.  Many new wheat varieties were also added to Yield Prophet in 2005 based on 
the phenology of different varieties as stated in State department sowing guides.  Yield Prophet’s 
simulation of wheat and barley development was validated at the end of 2005 using detailed data 
collected at the main BCG trial sites.  
During the 2005 season, subscribers accessed Yield Prophet via the web, updated paddock 
management and rainfall information, and requested reports at will.  During peak times, the time taken 
for a report to be available after a subscriber had generated it was very long (many hours).  To prevent 
this from happening in the future, the Yield Prophet team have upgraded the single computer used to 
run simulations for much of 2005 to a ‘cluster’ of 26 dual-processor computers.  This has increased the 
computing power of Yield Prophet by over fifty times, and will avoid long queues for reports in 2006 
and beyond. 
After harvest, all subscribers were asked to update their rainfall and management information in Yield 
Prophet, run a final simulation for each paddock, and report their actual paddock yields and proteins to 
the Yield Prophet team.  Final simulated yields and proteins were compared to actual yields and 
proteins, and the details of this analysis are provided below. 
RESULTS 
The observed yields of 173 paddocks and proteins of 131 paddocks were returned at the time of 
writing.  Figure 1 shows a plot of simulated versus observed yields and proteins for all paddocks for 
which observations were reported, excluding 9 paddocks which were seriously affected by disease or 
weeds.  It shows that while Yield Prophet can account for 54 per cent of the variation observed in yield 
(R2 = 0.54), there are many simulated yields that deviate significantly from those observed.  Table 1 
shows that in 51 per cent of returned yields, there was a greater than 0.5 t/ha difference between 
simulated and observed values.  Compared with Yield Prophet results for previous years (an R² = 0.88 
in 2004, R² = 0.72 in 2003), this is a disappointing result.  However, there are several good reasons for 
the level of error observed, mostly to do with inputs, which are discussed below. Simulation of grain 
protein was not as accurate as that of yield (Figure 1, Table 2).  This is because in APSIM an accurate 
estimate of grain protein requires accurate simulation of more processes than does yield 
(mineralisation, nitrogen uptake, partitioning, etc.).  Consequently, simulation of protein is more prone 
to error than simulation of yield, and will never be as accurate. 
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Figure 1. All returned simulated vs. observed yields and grain protein for Yield Prophet in 2005.  A 
linear function (solid line - for yield y = 0.95x + 0.29, for protein y = 0.84x + 0.61) was fitted to 
the data points using least-squares regression (for yield R2 = 0.54, for protein R2 = 0.21).  The 
dashed line represents y = x, where all data points would lie if the simulated results were 
perfectly accurate. 
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Table 1. The number of simulated yields within 0.5 and 1.0 t/ha of observed results for paddocks of 
different input data quality 
Data 
Number of 
returned yields 
Percentage of simulated 
yields within 0.5 t/ha (%) 
Percentage of simulated 
yields within 1.0 t/ha (%) 
All results (wheat and barley) 173 49 78 
Measured soil characterisations 
and segmented soil input data 
(wheat and barley) 
64 69 95 
Measured soil characterisations 
and segmented soil input data 
(wheat) 
50 70 98 
Table 2. The number of simulated grain protein contents within 1 and 2 per cent of observed results 
for paddocks of different input data quality 
Data 
Number of 
returned 
protein 
contents 
Percentage of simulated 
protein contents within 
1% (%) 
Percentage of simulated 
protein contents within 
2% (%) 
All results (wheat and barley) 131 31 43 
Measured soil characterisations 
and segmented soil input data 
(wheat and barley) 
44 36 59 
Measured soil characterisations 
and segmented soil input data 
(wheat) 
32 37 62 
A frustrating source of error in 2005 was the selection of an incorrect soil type for a paddock at the 
start of the season.  Discrepancies between observed and simulated yields at the end of the season 
showed that the soil type was clearly inappropriate.  This was judged to have occurred in 9 per cent of 
paddocks for which observed yields were returned in 2005.  About half of these paddocks were Deep 
N sampled (a single sample used to determine nitrate and sometimes soil water in the 0-60 cm zone).  
The results of Deep N samples provide far less information on which to base soil type selection than 
the recommended segmented sampling. In many of these cases a more appropriate soil 
characterisation existed in the Yield Prophet soil-library and could have been used.  
Another disadvantage of Deep N samples as an input for Yield Prophet was clearly illustrated this 
season.  Deep N samples are somewhat misleading in name being only taken typically to depth of 
60 cm.  With the soft finish experienced in many regions, crop roots have been observed by BCG 
growing to a depth of 1 m or more.  The default Yield Prophet set up assumes that there is no 
available moisture or nitrogen below the sampling zone.  This means that plants probably had access 
to soil water and nitrogen which was not measured at the start of the season.  This obviously provides 
crops with a considerable source of water and nitrogen that is not accounted for by Yield Prophet, and 
which resulted in Yield Prophet under-predicting yield and protein in many paddocks that were not 
sampled to full rooting depth. 
One of the major differences between Yield Prophet in 2005 and previous years was the greater 
geographical distribution of paddocks.  Yield Prophet paddocks in 2003 and 2004 were all largely 
within BCG’s catchment area and other study regions where soils had been characterised over time.  
In 2005, Yield Prophet paddocks came from all over Australia (36% from Vic., 32% from SA, 20% from 
NSW, 10% from WA and 2% Qld.), and whilst some subscribers could provide measured 
characterisations for their soil type, the majority could not.  So that these new subscribers would be 
able to use Yield Prophet in 2005, the Yield Prophet team estimated soil characteristics as described 
in the methods section.  An estimated characterisation will never be as good as measured data, and 
this is reflected in the increase in accuracy of yield simulation for paddocks with appropriate measured 
characterisations (Table 1), where the percentage of simulated results within 0.5 t/ha increased from 
49 per cent to 69 per cent, the percentage within 1.0 t/ha from 78 per cent to 95 per cent. 
Barley was trialled in Yield Prophet for the first time in 2005, and varieties were parameterised using 
data from BCG’s 2004 Lubeck variety trial.  One serious limitation of these data was that in 2004, 
barley varieties suffered terminal drought stress during grain fill.  This meant that it was very difficult to  
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estimate correct parameters for rate of potential grain-fill for the 2005 crop.  Also, obtaining phenology 
parameterisation data from a small number of geographically close sites makes it difficult to have 
confidence in simulations for crops in regions a long way from the parameterisation sites.  
In order to genuinely compare the results of 2005 with those from 2004 and 2003, and provide a true 
indication of Yield Prophet’s performance without the noise created by input error, the results from 
wheat paddocks alone using appropriate, measured soil characterisations and with segmented initial 
soil samples taken to depth are presented in Figure 3 (40% of all paddocks with returned yield data).  
This shows that given appropriate input data, Yield Prophet accounts for 74 per cent of the variation 
observed in yield, with 70 per cent of simulated yields falling within 0.5 t/ha of observed yields, and 
98 per cent within 1.0 t/ha. 
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Figure 3. Simulated vs. observed yields and grain protein for wheat paddocks with appropriate 
measured soil characterisation and segmented inputs in Yield Prophet in 2005.  A linear 
function (solid line – for yield y = 0.73x + 0.76, for protein y = 0.97x + 0.82) was fitted to the 
data points using least-squares regression (yield R2 = 0.74, protein R2 = 0.30).  The dashed line 
represents y = x.  
CONCLUSION 
Yield Prophet received an unprecedentedly high level of use in 2005.  To be confident of obtaining 
accurate simulations, subscribers should provide Yield Prophet with appropriate inputs, i.e. measured 
soil characterisations and segmented initial soil data including recommended analyses.  The accuracy 
of the barley module will be improved for 2006 using 2005 yield data from around Australia.  If you 
would like to subscribe to Yield Prophet in 2006, please contact James Hunt on (03) 9354 1654, 
mobile 0429 922 787 or e-mail james.hunt@aanet.com.au.  If you are interested in characterising your 
soil (measuring PAWC), contact Neal Dalgliesh on (07) 4688 1376, mobile 0427 725 955 or e-
mail Neal.Dalgliesh@csiro.au. 
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Performance of oaten hay varieties in Western 
Australian environments 
Raj Malik and Kellie Winfield, Department of Agriculture, WA; Katanning and 
Northam 
KEY MESSAGES 
• Since the formation of the National Oat Breeding Program in 2003 three new oat hay varieties 
(Wintaroo, Brusher and Kangaroo) have become available to WA growers. 
• Based on their performance in small plot trials and results from commercial trialling, it is 
suggested that only experienced hay growers should include varieties such as Wintaroo in their 
program in the 2006 season. 
• Carrolup is still a very useful hay variety having good hay quality. 
• The optimum cutting time for quality is at the watery ripe stage (Z71).  In the event of rain events 
occurring at this optimum cutting stage, delaying cutting by up to 7 days after watery ripe will not 
greatly affect hay quality. 
BACKGROUND 
The National Oat Breeding Program has recently released three hay varieties, Wintaroo, Brusher and 
Kangaroo, for south eastern Australia.  These varieties are currently being assessed by hay exporters 
for their suitability to Western Australia.  This project has also been conducting trials to investigate the 
adaptation of these three hay varieties (against current hay varieties) to the Western Australian 
environment and the impact of management on their yield and quality. 
AIMS 
To develop management guidelines for growing oaten hay for export in Western Australia. 
METHOD 
A series of field experiments were conducted in 2004 and 2005 to evaluate the performance of oaten 
hay varieties for hay yield and hay quality.  Trials were located in medium to high rainfall regions in 
Western Australia where hay is commonly grown for export.  At each location 10 hay varieties were 
sown at two dates of seeding and were cut at watery ripe and seven days later.  Trial details and 
treatments are provided in Table 1.  Only data for cuts taken at the optimum time are presented in 
Tables 2, 3 and 4.  Hay yield and hay quality was assessed in those trials using protocols approved by 
the Australian Fodder Industry Association (AFIA).  The trials were cut at watery ripe by hand at 
ground level and oven dried before being weighed to determine hay yield and measured for stem 
diameter.  Sub-samples were milled (< 1 mm) and analysed for hay quality through an NIRS6500. 
Table 1. Location and treatment information for 2004 and 2005 oat hay trials 
Year Location 
CVT 
Zone 
Agzone 
Time of 
sowing 1 
Time of 
sowing 2 
Seed rate 
(plants/m2) 
N applied 
(kg/ha) 
2
0
0
4
 Brookton M3 2   3 June 2004 23 June 2004 240 45 
Williams H4 3 25 May 2004 17 June 2004 240 45 
Katanning M4 3 27 May 2004 18 June 2004 240 45 
2
0
0
5
 Kojonup H4 3 24 May 2005 14 June 2005 240 45 
Pingrup M4 3 24 May 2005 14 June 2005 240 45 
Highbury H3 3 24 May 2005 13 June 2005 240 45 
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Table 2. Hay yield (t/ha) of some selected oat varieties cut at watery ripe stage (Z71) grown at various 
locations in 2004 and 2005 
Location 
2004  2005 
Brookton Katanning Williams 
Average 
(t/ha) 
 
Kojonup Pingrup Highbury 
Average 
(t/ha)  
 Late May to early June sowing 
Carrolup 7.9 4.4 8.9 7.0  7.5 6.0 7.1 6.9 
Wandering 8.4 5.3 8.3 7.3  7.7 6.3 7.2 7.1 
Wintaroo 8.2 6.0 10.1 8.1  12.3 5.6 8.1 8.7 
Brusher 7.2 4.3 9.1 6.9  8.5 6.3 7.6 7.5 
Kangaroo 6.6 5.0 8.0 6.5  9.8 5.6 8.5 8.0 
Average 7.7 5.0 8.9 7.2  9.2 6.0 7.7 7.6 
 Mid June sowing 
Carrolup 7.1 7.9 5.3 6.8  10.0 5.8 5.8 7.2 
Wandering 6.4 7.9 5.0 6.4  10.6 5.3 7.2 7.7 
Wintaroo 6.5 9.9 5.2 7.2  11.0 6.0 6.8 7.9 
Brusher 6.8 9.4 6.3 7.5  9.7 6.2 6.6 7.5 
Kangaroo 7.0 7.9 4.6 6.5  10.1 6.4 6.3 7.6 
Average 6.8 8.6 5.3 6.9  10.3 5.9 6.5 7.6 
lsd (0.05)          
TOS NS NS 1.9   NS NS NS  
Variety 0.8 1.1 1.1   1.6 NS NS  
TOS*Variety NS NS 1.2   2.2 NS NS  
CV% 9.9 14.0 12.1   13.6 11.5 11.3  
RESULTS FROM 2004 AND 2005 
The results indicate that differences between varieties were evident for both hay yield and hay quality.  
The yield data (Table 2) shows that on an average Wintaroo gave the highest yield, irrespective of 
time of sowing and location.  Hay yields of Wintaroo were between 12 to 16 per cent higher than 
Carrolup at all yield levels and were more evident when the crop was sown in late May.  Wandering, 
Brusher and Kangaroo produced more hay than Carrolup, at sites where Carrolup yields were below 
7 t/ha.  At higher yielding sites there was little difference in the hay yield of those four varieties.  Hay 
yields in 2005 were higher than those cut in 2004. 
The data also shows that premium hay quality targets of stem thickness < 8 mm, Acid Detergent Fibre 
(ADF) < 33 per cent, Neutral Detergent Fibre (NDF) < 57 per cent, Intro Vitro Digestibility (IVD) 
> 58 per cent and Water Soluble Carbohydrates (WSC) > 18 per cent were generally met by all 
varieties (Tables 3 and 4).  As with hay yield, differences in hay quality were noted.  Carrolup and 
Wandering met target quality standards in all trials cut in 2004 and 2005.  Wintaroo, Brusher and 
Kangaroo however did not meet target standards in all trials.  The greatest problems were noted with 
Wintaroo and Kangaroo, especially for IVD (Table 4).  Whilst Wintaroo had the highest overall hay 
yield, it had slightly lower quality than the other varieties in the study.  Brusher had the better hay 
quality of the new varieties.   
VARIETY DESCRIPTIONS 
In 2005, Carrolup was the most common hay variety grown, accounting for about one third of the hay 
delivered to exporters.  Wintaroo production has been gradually increasing over the last two years with 
some exporters reporting Wintaroo as one quarter of their hay delivered.  Carrolup remains the most 
popular export hay variety, particularly for first time hay growers.  Carrolup is also popular as a dual 
purpose hay and milling variety. 
Wintaroo, Kangaroo and Brusher have been bred as hay varieties.  Industry feedback has indicated 
that while experienced hay growers are achieving high yields, particularly with Wintaroo, they require 
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more management than WA varieties such as Carrolup, Wandering and Winjardie.  Wintaroo requires 
close monitoring around cutting time as it tends to stay greener longer.  Care must be taken to monitor  
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the stems as they tend to turn white while the top remains green.  Experienced hay growers with 
cutting, conditioning and bailing equipment or access to a contractor will be advantaged in achieving 
maximum potential from these varieties as they reach cutting stage. 
Cutting at watery ripe will achieve optimum quality in all varieties; however there is a window of five to 
seven days before quality will fall below premium quality.  This enables growers room to ensure 
contractors can cut on time.  Rain periods need to be taken into account as rainfall events of 10 mm or 
over can drastically reduce quality. 
Hay varieties accepted by exporters in 2005 included Carrolup, Wintaroo, Winjardie, Wandering, 
Brusher and Mortlock, predominately grown in the western area.  Eastern areas delivered more of the 
older varieties Yilgarn and Swan as well as some Carrolup. 
Table 3. Average hay quality of selected oat varieties measured by NIR from cuts at watery ripe (Z71) 
(data averaged from time of sowing at 3 locations) 
Variety 
Stem 
diameter 
(mm) 
Crude 
protein 
(%) 
ADF 
(%) 
NDF 
(%) 
IVD 
(%) 
Est. ME 
(MJ) 
WSC 
(%) 
Watery ripe (Z71) − 2004 
Carrolup 5.1 3.2 27.8 47.4 60.5 8.6 34.4 
Wandering 5.5 3.9 25.6 45.3 63.7 9.1 34.5 
Wintaroo 5.2 3.2 31.2 51.4 59.2 8.4 29.2 
Brusher 5.1 3.8 26.8 46.7 62.1 8.9 33.0 
Kangaroo 4.9 3.8 29.7 51.5 60.3 8.6 28.4 
Watery ripe (Z71) − 2005 
Carrolup 5.1 4.6 27.6 47.4 59.6 8.5 34.2 
Wandering 5.4 5.3 25.7 45.3 62.7 9.0 35.4 
Wintaroo 5.4 3.9 30.0 48.6 58.8 8.3 33.4 
Brusher 4.9 4.3 26.9 45.2 60.4 8.6 37.0 
Kangaroo 5.3 3.9 30.2 51.7 57.3 8.1 30.8 
Table 4. Did these varieties meet premium hay standards (industry average) sown in our hay trials 
when cut at watery ripe (Z71) at two different dates of seeding in both years? 
Year – 2004 
Quality trait Target Brookton Williams Katanning 
Thickness (mm) < 8 Yes Yes Yes 
Crude protein% 4-10% − − − 
ADF% < 33 Yes Yes  Except Wintaroo and Kangaroo in TOS2 
NDF% < 57 Yes Yes  Except Wintaroo and Kangaroo in TOS2 
IVD% > 58 Yes 
Except Wintaroo in 
TOS1 
Except Wintaroo and Kangaroo in TOS2 
WSC% > 18 Yes Yes Yes 
Year – 2005 
Quality trait Target Kojonup Pingrup Highbury 
Thickness (mm) < 8 Yes Yes Yes 
Crude protein% 4-10% 
Except Wintaroo, Kangaroo and 
Brusher 
Except Kangaroo and 
Brusher 
Yes 
ADF% < 33 Except Wintaroo and Kangaroo Yes  Yes 
NDF% < 57 Except Kangaroo in TOS2  Yes  Yes 
IVD% > 58 
Except Wintaroo, Kangaroo and 
Brusher 
Except Wintaroo at 
TOS1 
Except 
Wintaroo  
WSC% > 18 Yes Yes Yes 
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Wintaroo 
Wintaroo is a tall, mid season maturing hay with a thin stem that is well accepted by most hay 
exporters.  This variety tends to stay dark green longer so it is important to get into the crop and 
monitor to ensure you get the cutting time right.  It has good feed grain quality (low lignin) although it 
may not yield as high as other feed grain varieties.  Wintaroo is resistant and tolerant of cereal cyst 
nematode (CCN) and stem nematode and tolerates brown leaf tipping from hot, dry winds; and is 
moderately resistant to septoria and BYDV and is susceptible to stem rust. 
Brusher 
Brusher is tall variety similar in height to Wintaroo.  It is an early to mid season maturing variety, three 
to four days earlier than Wintaroo.  Brusher has thinner stem thickness and lower ADF and NDF than 
Wintaroo.  It also has improved digestibility, metabolisable energy and WSC than Wintaroo.  This 
variety is moderately resistant to leaf rust and moderately susceptible to stem rust and is resistant but 
moderately intolerant of CCN.  Brusher could be a good variety for growers in lower rainfall areas. 
Kangaroo 
Kangaroo is a late maturing variety (10 days later than Brusher) and has an excellent blue-green leaf 
colour.  This variety tends to have higher ADF and NDF values than Wintaroo and Brusher, but 
management practises such as cutting higher from the ground can reduce ADF and NDF.  Kangaroo 
has improved foliar disease resistance compared to Wintaroo and Brusher.  It is moderately resistant 
to stem rust, leaf rust, septoria, BYDV and bacterial blight.  This variety is also resistant and 
moderately tolerant to CCN, moderately intolerant of stem nematode.  Kangaroo is currently being 
evaluated by the export hay industry.  A decision on production could be made in 2006. 
The note of caution is that when growing export hay it is important to arrange a contract with an 
exporter.  Many exporters have different preferences for varieties, cutting times and quality.  It is best 
for growers to contact an exporter when planning their 2006 sowing. 
CONCLUSION 
Although Carrolup remains the dominant hay variety for export hay, Wintaroo and Brusher are 
showing excellent potential as high yielding, high quality varieties.  Growers producing Wintaroo need 
to monitor colour regularly to avoid cutting too late and losing quality.  Nitrogen management also 
needs to be right, soil needs to be tested and rates applied accordingly.  Cutting at watery ripe will 
achieve optimum quality in all varieties, however there is a window of five to seven days before quality 
will fall below premium quality which will allow time to arrange contractors.  Rain events on cut hay can 
drastically reduce quality. 
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Performance of dwarf potential milling oat varieties 
in Western Australian environments 
Kellie Winfield and Raj Malik, Department of Agriculture, WA; Katanning and 
Northam 
KEY MESSAGES 
• Kojonup (a WA dwarf provisional milling variety) produced grain yields equivalent to the dwarf 
feed variety Wandering and up to 20 per cent more than the most widely grown non-dwarf 
milling variety Carrolup. 
• Mitika and Possum, varieties bred for south eastern Australia, yield higher than Carrolup but 
lower than Wandering and Kojonup. 
• Kojonup is currently being commercially evaluated to determine if its status will be upgraded to 
milling while Mitika and Possum are yet to be evaluated in Western Australia. 
BACKGROUND 
Currently only non-dwarf varieties such as Mortlock, Carrolup and Pallinup are received into the WA 
milling grade whilst dwarf oats such as Dalyup and Wandering can only be received into the feed 
grade.  However dwarf oats are higher yielding, have decreased lodging risk and reduced shedding 
risk than non-dwarf varieties.  The development of dwarf milling oats therefore has the potential to 
offer growers improved yields and improved agronomy. 
AIMS 
Evaluate the grain yield and grain quality response of three new dwarf varieties with potential for 
release as milling to changes in agronomic management, i.e. date of seeding, soil type, seeding rate 
and applied nitrogen. 
METHOD 
A series of field experiments were conducted in 2004 and 2005 to evaluate the performance of three 
dwarf varieties (Kojonup, Possum and Mitika) for grain yield and quality attributes.  Small plot trials 
were spread across the Wheatbelt of WA representing medium to high rainfall zones (Calingiri, 
Brookton, Williams and Katanning).  Harvested samples were cleaned over a 1.5 mm slotted sieve 
before standard laboratory protocols were used to analyse the grain samples for physical quality 
(i.e. hectolitre weight, groat per cent).  In addition to grain yield and grain quality, measures of straw 
strength, lodging and head loss resistance and plant height at maturity were made.  Data is only 
presented from the soil type x date of seeding trial series. 
RESULTS AND VARIETY DESCRIPTIONS 
Please refer to Tables 1 and 2 at the end of paper for yield and quality data. 
Kojonup 
• Released in 2005, Kojonup is currently undergoing commercial milling evaluation in WA. 
• Has a short stature being similar to the height of Dalyup and slightly shorter that Wandering. 
• Maturity is similar to that of Mortlock, Carrolup and Wandering. 
• Good straw strength combined with good resistance to lodging and shedding. 
• Yields are very close to dwarf feed varieties such as Dalyup and Wandering; and up to 20 per 
cent higher than current non-dwarf varieties such as Carrolup (Table 1). 
• Slight yield advantage over Wandering at sites where Wandering yielded below 2.7 t/ha and 
was similar yielding at yield levels above that. 
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Kojonup (continued) 
• Excellent grain quality with large seed size, high groat per cent, good hectolitre weight, good 
grain brightness and protein and low screenings. 
• Hectolitre weight is not as good as Carrolup but generally better than Possum and Mitika 
(Table 2). 
• Very good feed variety with a superior groat per cent and protein content to existing dwarf feed 
varieties Wandering and Dalyup. 
• Suitable for Agzones 2, 3 and 6 based on yield, maturity and grain quality. 
• Resistant to leaf rust but susceptible to stem rust and septoria. 
• Preliminary data suggests that it has good hay quality with similar hay yields to Carrolup. 
• Further hay trials will be conducted in 2006 to determine if it could be sown as a dual-purpose 
variety like Carrolup and Wandering. 
• Acceptance by export hay companies is also required. 
Possum 
• Possum is a dwarf milling variety in south eastern Australia.  
• Grain yield was 5 to 10 per cent higher than Carrolup (it was higher yielding as the site grain 
yield increased) but lower than both Kojonup and Wandering.  
• It is similar in height, maturity and straw strength to Dalyup.  
• The grain of Possum was similar in brightness and colour to Carrolup and Mortlock. 
• Possum produced grain with hectolitre weights below 51 kg/hl in 2004 (Table 2), suggesting that 
site selection and management will be important if it is to be received as a milling variety.  
• It has improved stem and leaf rust and septoria resistance compared to Echidna. 
• Possum is susceptible and intolerant to CCN (cereal cyst nematode).   
• Milling tests are yet to be carried out for a WA milling classification and it is advised growers 
interested in growing Possum wait for a WA classification. 
Mitika 
• Shows potential to also become a popular variety, particularly with its improved feed quality 
(including a low lignin content). 
• Dwarf high yield potential milling like Possum, but has better feed quality. 
• Milling tests will be conducted in early 2007 to determine a milling classification for WA. 
• Seed is being bulked up in 2006 and will be available to WA growers in 2007. 
• Grain yield 5 per cent better than Carrolup regardless of yield level, but lower than Possum at 
grain yields above 3.5 t/ha.  
• Slightly darker in brightness and colour to Carrolup and Mortlock. 
• Late sowing and soil type may influence the ability to meet hectolitre standards. 
• Low hull lignin content that may make it a good feed alternative to Wandering and Dalyup. 
• Earlier maturing than Possum with improved stem and leaf rust, bacterial blight, and septoria 
resistance.  
• Similar resistance to Possum for BYDV and CCN. 
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CONCLUSION 
Kojonup has performed consistently well across all trials and locations (better than Mitika and 
Possum) to date and has potential to be a very good dual purpose grain and hay variety.  Growers in 
the Kojonup and Narrakine areas should consider whether there are advantages in delivering 
Wandering (instead of milling varieties) and receiving a premium.  Mitika has potential as a dual 
purpose feed variety, particularly with its improved feed quality and improved disease resistance.  
Growers considering Possum should wait until it undergoes milling evaluation or consider Mitika. 
KEY WORDS 
oats, dwarf milling oats, non-dwarf milling oats 
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Table 1. Grain yield (t/ha) of some selected oat varieties grown on different soil types at two dates of seeding at various locations in WA (2004 and 2005) 
2004 Trial number 04KA07 CN_1 04KA07 CN_2 04KA07 WL_1 04KA07 WL_2 04KA07 GS_1 04KA07 GS_2 
Average 
(t/ha) 
 Location Calingiri Williams Katanning 
 Soil type Loamy gravel 
Shallow loamy 
duplex 
Loamy gravel 
Duplex sandy 
gravel 
Loamy earth Deep sandy duplex 
Variety Date sown 27 May 17 June 27 May 17 June 25 May 17 June 25 May 17 June 26 May 18 June 26 May 18 June May June Overall 
Carrolup Non-dwarf milling 2.4 2.4 3.7 3.9 2.9 2.7 3.0 2.0 2.3 2.0 2.8 2.2 2.9 2.5 2.7 
Possum Dwarf milling 2.6 2.5 4.3 4.3 2.7 2.5 2.6 2.0 2.3 2.1 3.3 2.7 3.0 2.7 2.8 
Mitika Dwarf milling 2.5 2.7 4.1 4.4 2.6 2.5 3.0 2.2 2.8 2.1 3.3 2.6 3.0 2.7 2.9 
Kojonup Dwarf milling 3.2 2.9 5.1 4.9 3.4 2.8 3.3 2.2 3.1 2.1 3.8 2.4 3.6 2.9 3.3 
Wandering Dwarf feed 2.9 2.8 4.7 4.7 3.4 2.9 3.3 2.4 2.5 2.0 3.8 2.4 3.4 2.9 3.2 
Average  2.7 2.7 4.4 4.4 3.0 2.7 3.0 2.2 2.6 2.1 3.4 2.5 3.2 2.8 3.0 
lsd (< 0.05)  Soil = 0.2 Soil x Var = 0.3 Soil =  ns Soil x Var =  ns Soil = 0.7 Soil x Var = 0.7    
  TOS = 0.1 TOS x Var = 0.2 TOS = 0.3 TOS x Var = 0.4 TOS = 0.4 TOS x Var = 0.4    
  Soil x TOS = 0.2 Soil x TOS x Var =  ns Soil x TOS =  ns Soil x TOS x Var =  ns Soil x TOS =  ns Soil x TOS x Var = 0.7    
  Variety = 0.2  Variety = 0.2  Variety = 0.1     
           
2005 Trial number 05KA05 CN_1 05KA05 CN_2 05KA05 BV_1 05KA05 BV_2 05KA05 GS_1 05KA05 GS_2    
 Location Calingiri Brookton Katanning Average 
 Soil type Deep sand Loamy earth 
Duplex sandy 
gravel 
Shallow sandy 
duplex 
Deep sandy gravel 
Shallow sandy 
duplex 
 (t/ha)  
Variety  18 May 22 June 18 May 22 June 18 May 22 June 18 May 22 June 18 May 22 June 18 May 22 June May June Overall 
Carrolup Non-dwarf milling 3.5 3.0 3.3 3.3 2.9 2.7 3.1 3.1 2.5 2.6 2.3 1.9 2.9 2.8 2.9 
Possum Dwarf milling 3.8 3.3 4.0 3.6 3.4 3.0 3.7 3.5 2.0 2.6 2.6 2.2 3.3 3.0 3.1 
Mitika Dwarf milling 3.0 2.9 3.8 3.5 3.2 2.9 3.5 3.5 2.0 2.5 2.3 2.0 3.0 2.9 2.9 
Kojonup Dwarf milling 3.2 3.6 4.2 3.3 3.5 3.1 3.8 3.6 2.8 2.9 3.2 2.4 3.5 3.2 3.3 
Wandering Dwarf feed 3.5 3.6 4.4 3.7 3.7 3.4 3.8 3.9 2.8 3.1 2.6 2.1 3.5 3.3 3.4 
Average  3.4 3.3 3.9 3.5 3.3 3.0 3.6 3.5 2.4 2.7 2.6 2.1 3.2 3.0 3.1 
lsd (< 0.05)  Soil = 0.3 Soil x Var = 0.4 Soil = 0.1 Soil x Var = ns Soil =  ns Soil x Var = 0.3    
  TOS = 0.2 TOS x Var =  ns TOS = 0.1 TOS x Var = ns TOS =  ns TOS x Var = 0.3    
  Soil x TOS =  ns Soil x TOS x Var = 0.5 Soil x TOS =  ns Soil x TOS x Var = ns Soil x TOS = 0.3 Soil x TOS x Var = 0.4    
  Variety = 0.2  Variety = 0.2  Variety = 0.1     
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Table 2. Hectolitre weight (kg/hl) and screenings (% < 2.0 mm) of selected oat varieties grown at three locations on two different soil types at two dates of seeding 
(2004) 
2004 Trial number 04KA07 CN_1 04KA07 CN_2 04KA07 WL_1 04KA07 WL_2 04KA07 GS_1 04KA07 GS_2 
Average 
 Location Calingiri Williams Katanning 
 Soil type Loamy gravel 
Shallow loamy 
duplex 
Loamy gravel Duplex sandy gravel Loamy earth Deep sandy duplex 
Variety Date sown 27 May 17 June 27 May 17 June 25 May 17 June 25 May 17 June 26 May 18 June 26 May 18 June May June Overall 
 Measurement: Hectolitre weight (kg/hl) 
Carrolup Non-dwarf milling 55.2 53.7 55.7 56.2 55.0 53.2 52.4 51.8 59.8 59.0 61.8 57.4 56.7 55.2 55.9 
Possum Dwarf milling 50.5 50.2 51.3 51.9 51.6 50.8 51.0 47.8 57.3 57.5 59.8 57.7 53.6 52.6 53.1 
Mitika Dwarf milling 51.1 51.5 52.9 53.7 53.0 52.0 50.6 50.3 56.5 55.8 57.4 55.7 53.6 53.2 53.4 
Kojonup Dwarf milling 53.2 52.5 53.0 54.0 53.5 52.6 51.2 51.3 56.7 56.4 57.8 57.4 54.3 54.0 54.1 
Wandering Feed 50.9 51.8 52.0 53.2 51.9 52.4 50.3 49.9 57.1 56.6 58.1 55.7 53.4 53.3 53.3 
Average  52.2 51.9 53.0 53.8 53.0 52.2 51.1 50.2 57.5 57.1 59.0 56.8 54.3 53.7 54.0 
lsd (< 0.05)  Soil = 0.8 Soil x Var = 0.9 Soil = 0.7 Soil x Var = ns Soil =  ns Soil x Var = 1.0    
  TOS =  ns TOS x Var = 0.7 TOS =  ns TOS x Var = ns TOS = 0.4 TOS x Var = 0.8    
  Soil x TOS = 0.9 Soil x TOS x Var =  ns Soil x TOS = 1.6 Soil x TOS x Var = ns Soil x TOS = 0.9 Soil x TOS x Var = 1.3    
  Variety = 0.4  Variety  =  ns  Variety = 0.6     
 Measurement: Screenings (% < 2.0 mm) 
Carrolup Non-dwarf milling 3.2 5.1 1.4 1.0 1.6 1.1 2.2 1.8 6.5 17.5 5.8 17.2 3.5 7.3 5.4 
Possum Dwarf milling 2.6 3.6 1.1 1.2 1.1 1.3 2.4 1.6 7.3 14.2 5.8 13.6 3.4 5.9 4.6 
Mitika Dwarf milling 1.7 2.6 1.0 0.9 0.7 1.3 2.1 1.5 4.0 14.8 4.0 11.0 2.2 5.4 3.8 
Kojonup Dwarf milling 2.6 4.4 0.8 0.8 0.9 1.1 1.9 2.3 4.5 12.8 5.4 8.3 2.7 4.9 3.8 
Wandering Feed 1.3 3.5 0.5 0.5 0.9 0.9 1.3 1.9 6.2 20.6 4.8 9.1 2.5 6.1 4.3 
Average  2.3 3.8 1.0 0.9 1.0 1.1 2.0 1.8 5.7 16.0 5.2 11.8 2.9 5.9 4.4 
lsd (< 0.05)  Soil = 1.1 Soil x Var = 1.2 Soil = 0.4 Soil x Var =  ns Soil =  ns Soil x Var = 2.6    
  TOS = 0.7 TOS x Var =  ns TOS =  ns TOS x Var = 0.8 TOS = 1.5 TOS x Var = 2.4    
  Soil x TOS = 1.2 Soil x TOS x Var =  ns Soil x TOS =  ns Soil x TOS x Var = 1.1 Soil x TOS =  ns Soil x TOS x Var = 3.5    
  Variety = 0.6  Variety = 0.5  Variety = 1.5     
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Agronomic responses of new wheat varieties in the 
Southern agricultural region of WA 
Brenda Shackley and Judith Devenish, Department of Agriculture, WA; Katanning 
and Jerramungup 
KEY MESSAGES 
With the longer season in 2005 a number of wheat varieties yielded well over two sites in the Great 
Southern, including Calingiri, Carnamah and Westonia.  At Jerramungup AGT Scythe, EGA Eagle 
Rock and EGA Wentworth also performed well while the soft wheats Bullaring and EGA Jitarning were 
among the highest yielding varieties when sown in May at Katanning.  No quality data are available at 
this stage due to the very late harvest. 
Wyalkatchem and Tammarin Rock suffered severely from head frost damage. 
GBA Sapphire and the new soft wheat, Bullaring appear to be responsive to higher minimum plant 
populations. 
Wyalkatchem had the largest response to nitrogen, with grain yield increases over 6 kg per kg N 
applied. 
AIMS 
To investigate the performance of new wheat varieties at different times of sowing, to optimise the 
level of nitrogen and seed inputs and to identify any specific risks with new varieties in the Southern 
agricultural region of WA. 
METHOD 
Field based trials were located on duplex soils at the Great Southern Agriculture Research Institute 
(GSARI), Jerramungup and the Newdegate Research Station (NRS) in 2005.  The time of sowing trials 
were located at GSARI and Jerramungup, examining 24 wheat varieties from WA and interstate at 
three sowing times.  Jerramungup had a good spread of sowing dates (6 May, 24 May and 14 June) 
while at GSARI there were problems with getting onto the site (9 May, 26 May and 29 July). 
A subset of nine varieties where also examined for nitrogen rate and plant population response at 
GSARI and NRS.  Both sites were following a non legume, i.e. canola at GSARI and mustard at NRS.  
Varieties were sown at 3 seed rates (targeting plant densities of 50, 100 and 200 plants/m2) and 4 
nitrogen rates (0, 30, 60 and 120 kg N/ha).  Some of the N was applied at seeding with a basal 
phosphate fertiliser and the N treatments were topped up approximately four weeks after sowing. 
RESULTS AND CONCLUSIONS 
Time of sowing 
Some areas in the south were extremely wet making seeding very difficult in 2005.  In the months of 
April and May, Katanning received just under 250 mm.  While the growing season rainfall for was 
385 mm and 320 mm for Katanning and Jerramungup respectively.  The season was then capped off 
by numerous late frosts which had some devastating effects.  The year 2005 was one of the few years 
where an early sowing was generally lower yielding than the later sowing date (Table 1).  Head frosts 
at both Jerramungup and GSARI and establishment problems at GSARI were the major reasons for 
the yield losses from the early May sowings. 
Overall Westonia, AGT Scythe, EGA Eagle Rock, Calingiri and EGA Wentworth where the highest 
yielding varieties at Jerramungup while Wyalkatchem and Tammarin Rock yielded poorly due to frost 
damage.  Several WA crossbreds also yielded well but their release is uncertain.  WAWHT2713 and  
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WAWHT2730 are currently some of the longest maturing wheat crossbreds available in the 
Department’s breeding program. 
At GSARI, the new soft wheat release, Bullaring was one of the highest yielding varieties when sown 
in May.  Carnamah, Calingiri and EGA Jitarning also yielded well while Westonia and Wyalkatchem 
performed better when sown late May.  In comparison to the results at Jerramungup, AGT Scythe 
yielded slightly lower than Wyalkatchem which is more representative of previous results.  The short 
maturing soft wheat EGA 2248 did not perform as well as in previous years where the break of the 
season was ‘late’. 
Table 1. Grain yields (t/ha) of 29 wheat varieties at three sowing dates and two locations in the 
southern agricultural region in 2005 
 Values in bold indicate varieties not significantly different to the highest yielding variety.  Gross 
margins not available as grain quality data were still being processed. 
Variety Jerramungup GSARI
6-May 24-May 14-Jun 9-May 26-May 29-Jul
AGT Scythe 3.0 3.3 2.8 2.5 4.3 1.0
Annuello 2.6 2.8 2.2
Braewood 2.8 2.5 2.1
Calingiri 2.9 3.3 2.4 3.1 4.1 1.4
Carnamah 2.8 3.1 2.2 3.1 4.5 1.0
Drysdale 2.1 2.3 1.6 2.5 3.9 1.2
EGA Wentworth 2.9 3.0 2.5 2.9 3.7 1.1
EGABonnie Rock 2.3 2.9 2.5 2.5 4.1 1.4
EGACastle Rock 2.1 2.3 2.0
EGAEagle Rock 2.8 3.3 2.6 2.1 3.6 1.1
Ellison 2.7 2.7 2.0
GBAH99-9AH 2.4 3.2 2.2 2.9 4.1 1.2
GBARuby 2.6 2.8 2.3 2.8 3.7 1.2
GBASapphire 2.5 3.2 2.3 2.3 3.9 1.2
H46  3.0 2.4 2.3 4.3 1.5
Lang 2.6 2.4 2.1
Spear 2.9 3.4 2.6 3.1 4.0 1.2
Tammarin Rock 1.8 2.3 2.1 2.4 3.7 1.1
WAWHT2524 3.0 3.2 2.7 2.7 4.6 1.6
WAWHT2713 2.8 3.4 2.5 2.8 3.5 1.2
WAWHT2730 3.1 3.1 2.5 2.6 3.9 1.3
Wedgetail 2.7 2.4 1.7
Datatine 2.7 3.0 0.9
EGA2248 2.5 4.1 1.5
EGAJitarning 3.1 4.1 1.1
Bullaring 3.1 4.6 1.0
Westonia 2.7 3.4 2.8 2.9 4.6 1.4
Wyalkatchem 1.9 2.3 2.3 2.6 4.4 1.5
Yitpi 2.1 4.0 1.2
Average 2.6 2.9 2.3 2.7 4.0 1.2
 
Phenology data indicate that AGT Scythe can have a more variable flowering date depending on the 
date of sowing.  AGT Scythe and in some cases EGA Eagle Rock flowered over 10 days later than 
Wyalkatchem when sown early May, only a day or two shorter than Calingiri (Table 2).  This will be 
investigated further in 2006. 
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Table 2. Days after sowing to reach flowering (50%) for three varieties sown at various sowing dates, 
locations and years.  Northern data courtesy of Zaicou-Kunesch, Kupsch and Smith 
Location Time of sowing 
Varieties 
Wyalkatchem AGT Scythe Calingiri 
Jerramungup (05) 6 May 126 137 140 
 24 May 132 132 138 
 14 June 126 126 129 
Eradu (05) 2 May 92 106 106 
 23 May 95 103 105 
 8 June 93 102 106 
Mullewa (05) 3 May 88 104 104 
 23 May 94 104 107 
 8 June 94 100 103 
Eradu (04) 27 May 89 101 101 
 11 June 94 94 97 
Mullewa (04) 26 May 92 99 102 
 10 June 96 96 98 
Plant density and nitrogen rate response 
Average grain yields of 2.7 and 2.9 t/ha were achieved at Newdegate Research Station (NRS) and the 
GSARI sites respectively.  Both sites had a significant response to plant density but the minimum plant 
population of varieties generally corresponded with the targeted plant density of 100 plants/m2.  
Responses to higher minimum plant populations were achieved by Calingiri at NRS, GBA Sapphire 
and the new soft wheat Bullaring at GSARI.  The limited data for GBA Sapphire and Bullaring indicates 
that the varieties respond to higher plant densities (minimum of 110 plants/m2). 
In 2005 Wyalkatchem and Tammarin Rock had a lower optimum plant population than in previous 
years.  Both varieties had various degrees of frost damage at the two locations with the most severe 
damage occurring on Tammarin Rock at NRS, where the yields declined as the plant density 
increased.  Increasing frost damage was observed at the higher plant densities at NRS. 
Grain yield response to nitrogen rate was only significant at GSARI.  Overall Wyalkatchem was the 
most responsive at both sites, with grain yield increases over 6 kg per kg N applied. 
Grain quality data not available at time of reporting. 
KEY WORDS 
wheat varieties, wheat agronomy, time of sowing, plant density, nitrogen rate 
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Responses of new wheat varieties to management 
factors in the central agricultural region of Western 
Australia 
Darshan Sharma1, Steve Penny2 and Wal Anderson3, Department of Agriculture, 
WA, Northam1, Merredin2 and Albany3 
KEY MESSAGES 
In 2005 many short season varieties such as EGA Bonnie Rock, Tammarin Rock, GBA Ruby and 
even the later maturing variety GBA Sapphire showed significant yield penalty when sown in first week 
of May.  This confirms the idea that the earliest sowing after the seasonal break is not a universal rule 
but that matching the variety to the sowing date is still an appropriate strategy. 
New wheat varieties Bullaring and AGT Scythe had a wider sowing ‘window’ but the outcome might be 
different under tight finishing conditions. 
Like 2004, the minimum plant population requirement for varieties Drysdale and EGA Eagle Rock 
were higher at one location.  Given that EGA Eagle Rock has a short coleoptile the seeding rate 
should be increased by another about 20 per cent when sowing deeper than about 25 mm. 
AIMS 
To develop variety specific agronomic packages to identify risks and advantages of new varieties in 
the central agricultural region (CAR) of WA. 
METHOD 
Six experiments involving up to 33 varieties sown at two or three times of sowing were conducted.  
The first time of sowing was completed as close to the ‘break’ as possible.  Subsequent times of 
sowing were separated by around two weeks. 
Two experiments involving 9 varieties sown to establish three target plant populations (50, 100 and 
200 plants/m2) by four applied nitrogen rates (0, 30, 60 and 120 kg N/ha) were also conducted.  
Sowing was deliberately delayed to 3rd week of May to minimise frost risk, which proved worthwhile 
especially at Merredin in 2005. 
A crop phenology experiment for predicting flowering dates was conducted under irrigated conditions 
at six sowing times from 26 April to 12 July. 
Varieties for trials were included on the basis of preliminary information available and effort was made 
to consider all breeding sources including interstate and private companies.  Data were collected on 
plant growth, yield components, grain yield and grain quality and were analysed using Genstat. 
RESULTS 
Please refer to end of paper for yield and quality data (Tables 1 and 2 and Figure 1). 
Despite dry conditions in July, overall rainfall was adequately distributed to enable efficient water use.  
Screenings levels were generally low, which can be attributed to mild finishing conditions.  Late rains 
caused slight shift in harvest maturity but did not cause weather damage of any kind. 
Varietal choice 
Grain yield of newly released varieties at different times of sowing is given in Table 1.  Most varieties 
hit target segregations.  The new soft variety Bullaring exceeded the protein limit at Corrigin when 
sown in late May.  Calingiri fell short of the lower protein level for ASWN at early sowing in East  
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Beverley.  This may have been due to protein dilution by high yield (over 4 t) and at Wongan Hills at 
late sowing the protein was too high for ASWN.  Nevertheless, Calingiri and Bullaring were generally 
among the most profitable varieties throughout the region. 
Varieties Bullaring and AGT Scythe exhibited good flexibility to sowing time, however the segregations 
are limited to soft and ASW respectively.  Yitpi, Calingiri, Carnamah and Tammarin Rock were among 
the most profitable varieties in the CAR.  H46 performed poorly for yield overall. 
Some long season varieties were also tested in a time of sowing experiment at Merredin.  The results 
are contained within Table 1b.  Wedgetail and Lorikeet (both longer season types) were the highest 
yielding varieties at early May sowing in this trial as most other varieties succumbed to frost. 
How early is too early 
Currently the general understanding is that wheat should be sown as soon after the break as possible.  
However, this year’s data confirms that variety maturity should be matched to sowing time (Figure 1).  
The early sowing clearly demonstrated that varieties do have optimum sowing dates.  While varieties 
such as Calingiri prefer early sowing, those like Spear are flexible, as long as finishing conditions are 
mild and those like EGA Bonnie Rock must not be sown too early.  The flowering data (available from 
the authors) confirm that varieties that flowered in the ‘window’ for the central wheatbelt (1st to 4th week 
of September) from any particular sowing time were among the top yielding varieties.  On this basis 
Calingiri, Annuello, Lorikeet Scythe and Yitpi are considered suitable for early sowing.  Bullaring, 
Carnamah and Wyalkatchem performed best when sown for mid to late May and EGA Bonnie Rock, 
EGA Tammarin Rock, GBA Ruby and Westonia at the late sowing. 
Seed rate and N rate responses 
Estimates of the minimum plant population (Pmin) revealed that the requirement for high population of 
Drysdale and EGA Eagle Rock under some conditions is similar to our previous data.  This appears to 
be a characteristic of varieties with short coleoptiles.  The seed rate for these varieties should be 
increased by at least 20 per cent compared to other popular mainstream varieties. 
The varieties responded differently to added nitrogen fertiliser (data available from the authors).  EGA 
Bonnie Rock, Wyalkatchem and Carnamah were more yield responsive relative to other varieties.  
Bonnie Rock also had a higher relative protein response (Table 2). 
CONCLUSION 
Varieties should be chosen on the basis of relative yield in the respective rainfall zone and 
consideration of risk factors such as frost and expected seasonal conditions.  Varieties with higher 
yield potential than Wyalkatchem, suitable for mild wet seasonal conditions, as experienced in 2005, 
are available for the CAR.  However, other considerations such as the economic viability of chemical 
disease control, suitability for a range of sowing times, additional benefits for weed control 
(e.g. Metribuzin tolerance of EGA Eagle Rock) and tolerances to weather damage must also be 
considered in decision-making. 
KEY WORDS 
wheat varieties, wheat agronomy, crop management, time of sowing, applied nitrogen, seed rate, 
phenology, flowering date, variety specific agronomy 
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Table 1. Grain yield (t/ha) of new wheat varieties at different times of sowing in the central agricultural 
region of Western Australia 
 (i)  Values in bold indicate varieties not statistically different from the highest yielding variety;  
(ii) Double $ superscript means gross margins more than 95 per cent of the maximum at that time of 
sowing, while one $ sign means gross margin is between 90-95 per cent of the maximum;  (iii) Trials 
did not need to be sprayed with fungicide, hence, gross margins should be adjusted according to 
varietal resistance, likelihood of disease occurrence and the fungicide costs.  For latest resistance 
ratings, see Crop Variety Sowing Guide 2006;  (iv) Only reason for not meeting specification for 
segregation was protein too high (shown as ) or too low (shown as  ). 
 Yield comparisons at some sites need to be interpreted with caution as frost would have affected 
some varieties more than others, due to variations in flowering time (particularly the low rainfall sites). 
A.  Medium-high rainfall area: 
Variety 
Intended 
classification 
Corrigin East Beverley Avondale Wongan Hills 
5 May 31 May 4 May 31 May 6 May 23 May 15 June 3 May 1 June 
AGT Scythe ASW* 2.96 3.25 4.06$ 4.45$ 4.57 4.20 3.37 3.23$ 2.57 
Annuello APW/ASW* 2.12 2.51 3.34 3.44          
Arrino APN/ASW 2.46 2.94          2.68 3.10 
Braewood AH/APW/ASW   2.62   3.99 3.07 3.90 2.70   3.02 
Bullaring ASFT/AGP 3.33$ 3.25 4.40$$ 4.60$$ 5.03$$ 4.37 3.10 3.22 3.31 
Calingiri ASWN/ASW 3.02 2.94 4.39 3.98 4.70$$ 4.27$ 3.17 3.40$ 3.22$ 
Carnamah AH/APW/ASW 3.12 3.10$ 3.66 4.31$ 4.60$$ 4.40$ 3.43$$ 2.97$$ 2.86 
Drysdale APW/ASW 1.80 2.30 3.17 3.79 3.60 4.03 3.10 2.59 2.72 
EGA Bonnie 
Rock 
AHP/APW/ASW 2.33 2.91 2.46 3.80 3.60 4.33$$ 3.23$$ 2.65$ 3.25$$ 
EGA Eagle 
Rock 
AH/APW/ASW 2.88$ 2.57 3.70 3.93$ 3.83 4.30$$ 2.67 2.80$$ 3.22$$ 
EGAGregory AH/APW/ASW 2.06 2.30 3.49 3.85          
EGA Jitarning ASFT/AGP 3.60$$ 3.12              
Ellison APW/ASW* 2.75 2.51 4.12$ 3.78 3.97 3.80 2.97 2.18 2.54 
EWentworth APW/ASW* 2.49 2.78 3.53 3.96          
GBA3.09.AH AH/APW/ASW 2.43 2.46 3.57 4.08      2.45 2.01 
GBARuby ASW 2.54 2.65 2.88 3.58 3.87 4.30 3.13 2.85 3.04 
GBASapphire AH/APW/ASW 2.22 2.49 3.46 4.17$ 3.60 3.77 2.67     
H46 ASW*   2.20   3.73   3.81 3.10 1.83 2.25 
Rees APW/APWT/ASW     2.85 3.86      2.49 2.56 
Spear APW/ASW 3.20$ 2.96 4.17$ 4.14 4.37 4.23 2.93 3.05$$ 3.22$ 
Tammarin Rock AH/APW/ASW 2.17 2.94$ 2.27 4.55$$ 3.03 4.63$$ 3.20$ 2.44 3.24$ 
Westonia APW/APWT/ASW 3.13$$ 3.31$$ 2.72 3.98 3.37 4.06 3.40$$ 2.67 3.16 
Wyalkatchem APW/ASW 2.33 2.94 2.90 3.24 3.20 4.07 3.30$ 2.58 3.00 
Yitpi AH/APW/ASW 3.36$$ 2.96 4.00 3.99 4.50$ 4.40$ 3.17$ 2.93$$ 3.05 
lsd within tos 0.43 0.57 0.49 0.51 
* Gross margins based on preliminary classification. 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
45 
B.  Low rainfall area: 
Variety 
Intended 
classification 
Merredin Mukinbudin 
5 May 24 May 10 May 25 May 14 June 
AGT Scythe ASW* 1.17 2.58$ 2.46$$ 2.22 1.77 
Braewood AH/APW/ASW 1.96 2.38$$ 2.23$$ 1.95$ 1.37 
Calingiri ASWN/ASW 1.28 1.98 2.15 2.16$ 1.60 
Carnamah AH/APW/ASW 0.73 2.47$$ 2.29$$ 1.99 1.59 
Drysdale APW/ASW 0.52 2.37$ 1.90 2.06$ 1.59 
EGA Bonnie Rock AHP/APW/ASW 0.59 1.45 1.88$ 2.09$$ 1.64 
EGA Eagle Rock AH/APW/ASW 1.78 1.89 2.04$ 1.93$ 1.39 
EWentworth APW/ASW* 0.86 1.97    
GBA3.09.AH AH/APW/ASW 1.05 2.04    
GBARuby ASW 0.57 2.27 2.11 2.03 1.82 
H46 ASW* 0.70 1.76 1.85 2.02 1.64 
Lorikeet ASW 2.41 1.79    
LR1075 AGP 1.80 2.29    
Spear APW/ASW 1.07 2.39$ 2.39$ 2.24$$ 1.61 
Tammarin Rock AH/APW/ASW 0.29 2.17$ 2.01$$ 2.10$ 1.89$$ 
Wedgetail APW/ASW* 2.44$$ 1.68    
Westonia APW/APWT/ASW 0.46 2.16 2.05$ 2.24$$ 1.68 
Wyalkatchem APW/ASW 0.67 2.11 1.75 2.09$ 1.71 
Wylah APW/ASW* 1.77 1.88    
Yitpi AH/APW/ASW 1.50 2.39$$ 2.15$ 2.03$ 1.65$ 
lsd within tos  0.49 0.25 
* Gross margins based on preliminary classification. 
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Table 2. Grain yield and grain protein response of eight varieties to applied nitrogen at two sites 
 Mukinbudin was a clay loam site and had field peas in 2004.  East Beverley was a grey sandy duplex 
site with some gravel and had lupins in 2004. 
Variety 
Mukinbudin East Beverley 
Yield change Protein change Yield change Protein change 
(Average yield 
changed from 1.9 t/ha 
at nil nitrogen to 2.1 
t/ha with 30 units and 
to 2.2 with 60 units of 
applied N/ha) 
(Average protein 
level changed from 
% at nil nitrogen to 
% with 30 units and 
to % with 60 units of 
applied N/ha) 
(Average yield 
changed from 2.5 t/ha 
at nil nitrogen to 2.9 
t/ha with 30 units and 
to 3.2 with 60 units of 
applied N/ha) 
(Average protein level 
changed from 11.2% 
at nil nitrogen to 
11.4% with 30 units 
and to 11.7% with 60 
units of applied N/ha) 
Nil to N30 Nil to N60 Nil to N30 Nil to N60 Nil to N30 Nil to N60 Nil to N30 Nil to N60 
Carnamah 8 13 
Data being recorded 
at the time of 
reporting 
37 58 -0.6 0.5 
Drysdale 9 16 -4 17 0.4 0.6 
EGA Bonnie Rock 9 21 25 34 0.9 0.1 
EGA Eagle Rock 9 4 1 22 0.4 0.1 
GBA Ruby 3 7 20 5 -0.3 0.2 
Tammarin Rock 2 4 15 38 -0.2 -0.4 
Wyalkatchem 16 9 40 22 -0.1 0.8 
average 8 11     15 23 0.14 0.35 
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Figure 1. Relative grain yield of three varieties at different times of sowing at locations spread 
throughout the central agricultural region. 
The locations were Wongan Hills, Avondale, East Beverley, Mukinbudin and Corrigin.  Relative grain yields were 
calculated for each variety relative to the yield at the highest yielding sowing time (called 100).  The early sown 
opportunity clearly demonstrated that varieties do have optimum sowing dates.  Calingiri and Spear respond well 
to early sowing while EGA Bonnie Rock is sensitive to early sowing. 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
47 
Sowing time on wheat yield, quality and $ − Northern 
agricultural region 
Christine Zaicou-Kunesch, Department of Agriculture, WA, Geraldton 
KEY MESSAGES 
The majority of varieties flowered during the flowering window (25 August to 15 September) when 
sown on 23 May.  Crops sown at this time were also higher yielding than earlier sown crops.  The soft 
finish to the season resulted in relatively low screenings for all times of sowing.  Variety choice in the 
NAR will be primarily based on premium quality high yielding varieties.  On the sand plain at Eradu, 
Calingiri was the most economic variety.  On the red loam at Mullewa, Wyalkatchem was ranked in the 
top 5 varieties for gross return at all sowing times. 
AIM 
The GRDC funded project ‘Variety specific agronomy for wheat yield and quality in the Western 
Region’ aims to assist growers with agronomic decisions for new varieties.  The performance of 24 
current and new wheat varieties at three sowing times was assessed in the northern wheatbelt. 
METHOD 
Field based agronomy trials in 2005 were located on yellow sandplain at Eradu and sandy loam at 
Mullewa.  Response to sowing time was based on experiments using three sowing times:  early May, 
(2nd or 3rd), late May (23rd) and early June (8th).  Twenty four cultivars from WA and elsewhere were 
sown at each time of sowing in a randomised split block. 
RESULTS 
Please refer to end of paper for yield and quality data for Mullewa (Table 2) and Eradu (Table 3). 
Flowering time 
Based on time to flowering, the majority of the varieties sown in the first week of May at Eradu and 
Mullewa flowered earlier than the optimum flowering period which is estimated from 25 August to 
15 September in the northern wheatbelt.  When sowing on 8 June, the majority of the varieties 
flowered towards the second and third weeks of September.  The optimum time of sowing so the 
majority of varieties flowered during the flowering window was 23 May. 
Air temperatures at Mullewa fell below 2 degrees Celsius on 7 and 12 July, 4-6, 8, 19 and 20 August 
and 1 to 3 and 15 September.  These likely frost events will have had an influence on the yields of 
many of the varieties which flowered during these dates.  Air temperatures at Eradu fell below 
2 degrees Celsius on 12 July.  No varieties were flowering during this period. 
Yield penalty with sowing time 
The earlier sown crops were looking particularly moisture stressed in late July at Mullewa and this 
affected final yields.  However, the soft finish to the season enabled many of the crops to fill their grain 
and screenings were relatively low.  In general, the yield of the majority of varieties was highest when 
sown in the 3rd week of May.  The response where the first time of sowing was less productive than 
the second time of sowing was also observed at Eradu in 2004 and Mullewa in 2003 and 2004.  This 
may be a result of dry spells following seeding or at crucial phases in the crops development, 
e.g. tillering. 
Mullewa 
Wyalkatchem, EGA Bonnie Rock and Tammarin Rock performed consistently across all times of 
sowing.  In general, targeting hard wheat such as EGA Bonnie Rock, Yitpi and Wyalkatchem gave the 
best economic returns for this region.  Although Calingiri yielded really well across all times of sowing, 
it did not meet the quality noodle segregation because of high protein. 
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Yitpi yielded well with the May sowings.  Delaying seeding to June is not suggested because the 
variety flowered too late on 17 September.  Its resistance and tolerance to CCN may be important to 
some growers in the region.  SW Odiel, does not appear to be suitable for the district.  It is a recently 
released ASW from the Eastern States.  Ellison, an AH variety, performed better with the late May 
sowing.  GBA Ruby has yielded well but its ASW classification has limited the economic returns. 
Table 1. Effect of sowing time on flowering dates (50% anthesis) at Eradu and Mullewa in 2005 
Variety 
Mullewa Eradu 
3 May 23 May 8 June 2 May 23 May 8 June 
AGT Scythe 15 August   4 September 16 September 16 August   3 September 18 September 
Blade 28 July 25 August   9 September   1 August 26 August 11 September 
Calingiri 15 August   7 September 19 September 16 August   5 September 22 September 
Carnamah   8 August   4 September 16 September 22 August   5 September 17 September 
Drysdale 31 July 28 August 11 September 12 August 25 August 10 September 
EGABonnie Rock 28 July 24 August   9 September 28 July 22 August   9 September 
EGAEagle Rock 26 July 26 August   9 September   6 August 27 August 12 September 
Ellison 19 August   3 September 13 September 22 August   7 September 21 September 
GBAH99 9AH   4 August   1 September 16 September   4 August 31 August 18 September 
GBARuby   6 August   2 September 14 September   8 August   3 September 13 September 
GBASapphire   2 August 30 August 16 September   3 August 30 August 15 September 
GBAShenton 24 July 24 August   9 September 26 July 22 August 12 September 
H46 20 July 21 August   5 September 25 July 19 August   8 September 
Spear 18 August   1 September 17 September 16 August   5 September 20 September 
SW Odiel   9 August 26 August 12 September   1 August 26 August 10 September 
Tammarin Rock 26 July 23 August   7 September 26 July 21 August   8 September 
WAWHT2524   3 August 29 August 10 September   5 August 28 August 11 September 
WAWHT2713 23 August   7 September 23 September 22 August   6 September 24 September 
WAWHT2730 16 August   7 September 17 September 18 August   5 September 16 September 
WAWHT2750 12 August   3 September 15 September 11 August 31 August 14 September 
WAWHT2773   6 August   3 September 15 September 10 August   2 September 15 September 
Westonia 26 July 22 August   8 September 29 July 21 August   9 September 
Wyalkatchem 30 July 25 August 10 September   2 August 26 August   9 September 
Yitpi 17 August   3 September 17 September 19 August   2 September 21 September 
Eradu 
In 2005, Calingiri was the outstanding variety.  It yielded well and met quality standards at all times of 
sowing.  Yitpi’s (AH) suitability to the medium/high rainfall regions is limited based on its staining 
susceptibility, yield and protein.  Delaying sowing effectively reduced the staining from 116 with the 
May 2nd sowing to 10 with a June 6th sowing.  However, with the later sowing it struggled to maintain 
good protein and yield in a year with a relatively soft finish to the season.  Its resistance and tolerance 
to CCN may be important to some growers in the region.  Tammarin Rock (AH) is more risky in 
regions like Eradu with a greater risk of staining.  Although it performed relatively well (ranked 5th 
based on gross returns) with the May 2nd sowing, it yielded poorly with the late May and early June 
sowings, which was unexpected. 
GBA Sapphire and GBA Ruby have a good disease profile which may be an important consideration 
for some growers with high rust risk.  At Eradu, they were ranked within the top 10 based on yield with 
the late May sowing.  They were ranked in the bottom 12 varieties based on economic returns, 
primarily because of quality.  In particular, GBA Sapphire struggled to maintain high protein levels 
(protein dilution with increased yields).  EGA Bonnie Rock and Wyalkatchem were ranked in the top 5 
based on economic returns with the early June sowing however they did not perform well with the 
earlier sowings, possibly because they flowered too early.  H46 was susceptible to staining and was 
off the pace for yield across all times of sowing.   SW Odiel is susceptible to yellow leaf spot but 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
49 
resistant to leaf and stripe rust and intermediate for stem rust.  It performed better with the late May 
sowing.  Ellison, an AH variety, performed better with the late May sowing, but staining will be a 
concern for growers in the high rainfall. 
DAWA varieties assessed in the trial were WAWHT2713 (longer season, possible AH), WAWHT2773 
(possible noodle type), WAWHT2750 (possible APW but need to check threshability), WAWHT2730 
(sprouting tolerance good), WAWHT2524 (will not be released). 
CONCLUSION 
The majority of varieties flowered during the flowering window (25 August to 15 September) when 
sown on 23 May.  Crops sown at this time were also higher yielding than earlier sown crops.  The soft 
finish to the season resulted in relatively low screenings for all times of sowing.  Variety choice in the 
NAR will be primarily based on premium quality high yielding varieties.  On the sand plain at Eradu, 
Calingiri was the most economic variety.  On the red loam at Mullewa, Wyalkatchem was ranked in the 
top 5 varieties for gross return at all sowing times. 
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wheat varieties, agronomy, crop management, time of sowing 
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Table 2. Effect of sowing time (TOS 1:  2 May, TOS 2:  23 May and TOS 3:  8 June) on yield, quality and economic returns of wheat varieties sown on red loam at 
Mullewa 
 Yield (t/ha) Protein (%) HLW Screenings (%) Staining(#) Gross income ($/ha) 
 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
AGT Scythe 2.91 3.32 2.91 14.5 13.1 12.3 79 79 78 2.4 2.7 3.5 11 1 2 617 699 595 
Blade 2.73 2.92 2.81 15.7 14.6 13.6 78 81 80 1.7 0.9 1.0 8 5 5 628 679 649 
Calingiri 2.93 3.44 3.10 14.4 13.3 13.3 80 82 81 1.1 1.1 0.9 10 2 1 547 624 586 
Carnamah 2.90 3.54 2.87 14.2 12.9 13.1 79 81 79 1.5 1.3 1.5 5 1 0 667 783 650 
Drysdale 3.15 3.35 2.92 13.3 12.7 12.4 80 83 81 2.9 2.7 2.8 6 0 1 704 734 624 
EGA Bonnie Rock 3.26 3.09 3.04 13.6 13.6 12.5 80 83 83 2.5 1.5 1.7 2 2 1 751 720 689 
EGA Eagle Rock 2.55 2.83 2.51 15.3 14.3 14.0 78 80 79 1.9 1.0 1.3 5 2 4 586 657 578 
Ellison 2.10 3.52 2.74 15.8 13.3 13.8 84 84 80 1.3 1.2 1.3 42 3 6 475 796 625 
GBA Ruby 2.95 3.64 2.96 14.0 12.4 11.9 80 83 82 1.1 1.3 1.0 3 1 1 549 661 555 
GBA Sapphire 2.93 3.34 2.77 13.2 12.5 12.7 81 82 81 1.2 1.7 2.0 12 1 1 663 740 613 
GBA Shenton 3.03 3.21 3.14 13.0 12.7 12.2 79 82 81 1.7 1.2 1.1 4 1 2 571 600 582 
GBAH99-9AH 2.92 3.29 2.85 13.4 12.8 13.1 81 82 81 1.0 1.7 1.7 9 1 1 668 730 644 
H46 2.99 2.79 2.62 12.7 13.1 11.7 81 83 83 1.5 0.4 1.2 6 2 9 635 603 537 
Spear 2.79 3.39 3.05 14.6 12.9 13.4 81 82 80 2.3 2.1 1.4 8 2 1 591 710 652 
SW Odiel 2.96 3.42 3.09 13.0 12.2 12.2 79 82 81 1.7 1.4 2.1 9 1 3 552 637 568 
Tammarin Rock 3.33 3.08 3.05 13.2 12.9 11.9 79 81 81 2.9 1.5 2.3 5 2 10 744 682 632 
WAWHT2524 3.16 3.61 3.19 13.6 13.1 12.5 80 82 82 2.7 1.7 1.7 3 0 0 588 681 596 
WAWHT2713 3.03 3.27 2.84 14.6 13.7 14.0 82 80 78 1.5 3.0 1.4 5 2 1 697 738 653 
WAWHT2730 2.59 3.05 2.80 15.2 14.2 14.0 81 80 78 0.9 1.0 0.8 8 2 0 561 663 608 
WAWHT2750 2.83 3.70 2.95 15.1 13.6 13.3 78 80 78 1.3 1.1 1.5 9 0 1 606 791 629 
WAWHT2773 2.93 3.46 2.75 14.2 13.1 13.1 78 81 80 0.8 1.0 1.1 4 1 1 555 655 514 
Westonia 3.16 3.19 2.97 12.8 12.7 11.7 79 80 79 2.4 2.2 2.1 5 3 8 663 668 601 
Wyalkatchem 3.51 3.54 3.32 12.8 12.5 11.9 80 82 82 1.0 1.1 0.9 2 0 2 753 749 689 
Yitpi 2.78 3.50 2.90 14.4 12.8 13.3 80 81 79 2.2 2.2 1.1 19 2 2 632 766 655 
TOS (lsd) 0.28 0.72 0.39 NS       
Var (lsd) 0.15 0.29 0.53 0.24       
Var TOS (lsd) 0.34 0.77 0.93 0.67       
Var TOS (lsd diff mean) 0.27 0.50 0.91 0.42       
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Table 3. Effect of sowing time (TOS 1:  2 May, TOS 2:  23 May and TOS 3:  8 June) on yield and quality of wheat varieties sown on yellow sandplain at Eradu 
 Yield (t/ha) Protein (%) HLW Screenings (%) Staining(#) Gross Income ($/ha) 
 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
AGT Scythe 3.31 3.48 2.96 10.7 10.0 10.3 82 82 81 2.3 2.8 3.2 11 2 3 647 671 567 
Blade 3.04 3.26 2.71 11.8 11.5 11.6 82 83 81 1.4 1.1 1.3 34 20 10 630 683 567 
Calingiri 3.33 3.86 3.62 10.7 9.8 10.6 83 83 81 1.2 1.6 1.3 23 6 14 651 726 708 
Carnamah 3.28 3.75 3.13 10.6 9.5 10.5 82 83 82 2.0 2.4 2.4 42 10 1 576 675 616 
Drysdale 2.71 3.11 2.89 11.1 10.8 10.9 83 84 84 2.6 2.1 3.2 7 8 1 544 614 569 
EGA Bonnie Rock 2.66 2.65 3.04 12.0 11.8 11.1 81 84 84 1.6 1.0 1.6 14 20 1 587 574 634 
EGA Eagle Rock 2.50 2.80 2.77 11.9 11.0 11.7 80 82 81 2.0 1.4 1.7 23 6 2 524 570 579 
Ellison 2.95 3.43 2.98 11.5 10.6 11.3 85 85 82 1.3 1.1 1.5 51 25 18 610 684 607 
GBAH99-9AH 2.84 3.11 2.80 11.0 9.7 10.3 83 84 83 1.1 0.7 0.8 19 12 4 578 596 566 
GBA Ruby 3.05 3.31 3.02 11.5 10.7 11.1 82 85 84 1.0 1.3 1.3 8 5 1 565 602 554 
GBA Sapphire 2.81 3.31 2.73 11.1 9.8 10.5 82 84 83 1.3 1.1 1.5 35 8 1 508 625 545 
GBA Shenton 2.75 3.23 2.91 11.4 10.6 11.4 81 83 82 1.7 1.2 1.6 32 12 21 497 576 525 
H46 2.28 2.49 2.84 11.9 12.1 10.8 82 83 85 1.0 0.6 0.9 62 39 9 424 468 570 
Tammarin Rock 3.11 2.95 2.87 11.6 11.1 10.0 80 83 82 2.3 1.5 3.1 56 62 2 637 533 551 
Spear 3.19 3.62 3.34 10.4 9.6 10.3 83 83 83 3.7 2.9 1.9 34 10 5 543 675 654 
SW Odiel 2.86 3.32 2.79 11.2 10.1 10.6 81 83 82 1.4 1.8 1.9 16 13 5 517 599 508 
WAWHT2524 3.31 3.60 3.40 11.5 10.6 10.8 83 84 83 1.9 1.6 2.4 13 4 1 605 640 597 
WAWHT2713 3.07 3.60 3.09 10.8 10.1 10.6 84 83 80 1.6 2.4 1.4 16 7 7 612 694 617 
WAWHT2730 3.49 3.39 3.15 11.0 10.3 11.3 82 82 77 1.3 1.4 1.0 10 7 7 701 663 641 
WAWHT2750 3.37 2.98 3.11 11.0 11.0 10.8 83 83 82 2.0 1.4 1.5 6 2 1 677 599 617 
WAWHT2773 2.93 3.27 3.07 11.5 10.6 11.1 82 83 82 1.1 1.5 1.4 26 5 3 537 639 594 
Westonia 3.02 3.25 2.91 11.1 10.9 10.2 82 82 81 2.1 2.3 3.0 17 12 3 599 636 562 
Wyalkatchem 3.01 3.01 3.25 11.3 10.9 10.6 82 84 83 1.2 1.0 1.0 27 13 3 604 604 652 
Yitpi 2.98 3.55 2.95 10.8 9.9 10.4 82 83 81 3.3 3.0 1.8 118 17 10 520 662 576 
TOS (lsd) 0.36 0.21 0.44 NS       
Var (lsd) 0.20 0.37 0.71 0.31       
Var TOS (lsd) 0.44 0.63 1.25 0.54       
Var TOS (lsd diff mean) 0.35 0.63 1.23 0.53       
 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
52 
The most effective method of applying phosphorus, 
copper and zinc to no-till crops 
Mike Bolland1 and Ross Brennan2, Department of Agriculture, WA, Bunbury1 and 
Albany2 
KEY MESSAGES 
Experiments were done to determine the best method to apply the soil immobile elements phosphorus 
(P), copper (Cu) and zinc (Zn) to no-till wheat crops.  Except for 1 P experiment, no shoot or grain 
yield increases (responses) to applied fertiliser P, Cu and Zn were obtained in 46 experiments at 16 
locations over 3 years (2002-2005).  The fertilisers of these elements applied and mixed through the 
top about 10 cm of soil in the old cropping system were still fully effective for wheat production so no 
responses to the applied treatments occurred.  It is a waste of time doing experiments to compare 
methods of applying P, Cu and Zn in existing no-till paddocks until the residual value of P, Cu and Zn 
applied in the old cropping system has become negligible which could, for Cu and Zn in particular, 
take many years.  A soil test study was done in the second year of the experiments to determine the 
best method of collecting soil samples for soil testing.  However, the best way to collect soil samples 
from no-till paddocks can not be determined until crop responses to P, Cu and Zn applied in the no-till 
cropping system are obtained. 
AIMS 
Plant testing wheat crops sown using no-till for greater than 7 years often indicate the soil immobile 
elements P, Cu and Zn are marginal to deficient.  Fertiliser P, Cu and Zn are mostly placed (drilled) 
with the seed while sowing crops.  In the old cropping system the drilled fertilisers applied in previous 
years were mixed through the top about 10 cm of soil when the soils were cultivated to control weeds 
and sow crops.  This improved root interception in soil of fertiliser applied in previous years improving 
their effectiveness for crops sown in the current and subsequent years.  In no-till cropping the fertiliser 
P, Cu and Zn drilled with the seed is no longer mixed through the soil after application.  In many no-till 
crops seed is sown and fertiliser drilled down the same rows, particularly when crops are sown using 
controlled traffic (tramline) cropping systems in which machinery always only travels down designated 
tramlines and crops are sown and fertilised in the same rows each year.  We hypothesis that the P, Cu 
and Zn drilled while sowing no-till crops is mostly positionally unavailable.  The applied fertiliser is also 
often in dry soil close to the soil surface between rains during the growing season.  Both these factors 
are likely to reduce uptake of the elements from fertiliser bands by crop roots.  Consequently, it is 
likely the elements are not adequately accessed by enough crop roots in moist soil to take up sufficient 
amounts of the elements for crop production.  We also hypothesise that fertiliser placed deeper in soil 
(deep banded) while sowing no-till crops  may be in moist soil longer and intercepted by more crop 
roots so improving fertiliser effectiveness for crop production than fertiliser drilled with the seed.  
Alternatively, say once every 5-7 years, cultivating the top approximate 10 cm of soil to mix fertiliser P, 
Cu and Zn applied to previous no-till crops through the topsoil is likely to improve root interception of 
the elements applied to previous no-till crops by roots of the next and subsequent crops.  We did field 
experiments to test if these 2 alternative methods of applying fertiliser P, Cu and Zn to no-till wheat 
crops were more effective for wheat production than the standard practice of drilling fertiliser with the 
seed while sowing. 
METHOD 
The experiments were located in paddocks sown using no-till for 7-11 years.  The experiments 
compared 3 different methods of applying fertiliser P, Cu and Zn to no-till crops (drilled, deep banded, 
top 10 cm pf soil cultivated before fertiliser drilled).  In the second year the experiments were also 
used to assess different methods of collecting soil samples from no-till crops (random, always in or 
between the rows, half in and half between the rows) for soil testing.  In the old cropping system soil 
samples were collected at random.  
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The same experimental design was used for P, Cu and Zn, and comprised a completely randomised 
block, replicated 3 times, of 3 methods of applying the fertiliser and 5 amounts of fertiliser.  Wheat was 
grown in all experiments.  Plots were 2 m wide and 30 m long, and 6 rows of seed, 0.24 m apart were 
sown down the middle 1.44 m of each plot.  There was 0.56 m of untreated soil between each plot.  
Cultivating or deep ripping sandy soils can produce large grain yield responses in cereal crops.  
Consequently, all plots in all experiments were cultivated 13 cm deep (8 cm below wheat seed sown 
5 cm deep) to minimise any cultivation effect of the deep banded treatments on wheat grain yields.  
For each crop row, 2 tines placed directly behind each other travelled down the rows in the same 
pass, the first about 13 cm deep in soil, the second 5 cm deep.  The 3 methods of applying the 
fertiliser were: 
1. Drilled fertiliser.  The fertiliser was drilled with the seed 5 cm deep while also cultivating 8 cm 
below the seed. 
2. Deep banded fertiliser.  The fertiliser was placed 8 cm directly below the seed sown 5 cm deep. 
3. Drilled fertiliser after cultivating the topsoil.  Before sowing, the top 10 cm of soil was cultivated 
using tines by driving up and down the plot.  Then fertiliser was drilled with the seed 5 cm deep 
while also cultivating 8 cm below the seed. 
The five amounts of fertiliser used were: 
1. P, as triple superphosphate (20% P), 0, 5, 10, 20, and 40 kg P/ha. 
2. Cu, as copper sulfate (25% Cu), 0, 0.5, 1.0, 2.0 and 4.0 kg Cu/ha. 
3. Zn, as zinc oxide (80% Zn), 0. 0.5, 1.0, 2.0 and 4.0 kg Zn/ha. 
Basal fertilisers were applied to all experiments to ensure P, or Cu or Zn was the only element to limit 
wheat grain yields.  Weeds, pests and diseases were controlled using herbicide, insecticide and 
fungicide sprays before and after sowing as required using district practices. 
The soil test procedures used were the Colwell procedure for P, the ammonium oxalate procedure for 
Cu, and the DTPA procedure for Zn; these are the standard procedures for these elements used in 
Western Australia. 
RESULTS 
Shoot and grain yield response to applied fertiliser 
No shoot or grain yield responses of wheat were obtained.  The exception was that in 1 experiment 
cultivating the topsoil before drilling P with the seed was more effective than drilling or deep banding P 
(Figure 1).  The cultivation made the soil P more available but not the fertiliser P.  Concentrations of P, 
Cu and Zn measured in wheat shoots or grain were either unaffected by treatment, or, compared with 
drilling fertiliser with seed, were larger for the other 2 methods (Figure 2) indicating these two methods 
were more effective at increasing the concentrations of the elements in plant parts (that is, they did 
improve uptake of the elements).  The three elements have been shown to have good residual values 
for crop production in the region when applied as fertilisers in the old cropping system.  Evidently this 
good residual value of the fertilisers has persisted into the no-till cropping system so no fresh 
applications of fertiliser were required for grain production of wheat.  Consequently, we obtained no 
responses to the fertiliser treatments in our experiments, except for the 1 P experiment near 
Newdegate, where the response was due to mixing of P applied in no-till in previous years through the 
top 10 cm of soil rather than to P drilled with seed in the current year.  The P, Cu and Zn from the old 
cropping system was mixed through all soil in the top 10 cm so much of it would be accessed by crop 
roots, some of it at depths greater than 5 cm (sowing depth and depth of drilled fertiliser) that 
remained moist for longer.  No sensible conclusions can be derived from fertiliser experiments 
showing no yield responses to applied fertiliser.  Only when the residual value of the P, Cu and Zn 
applied and mixed through the topsoil in the old cropping system has become exhausted can the best 
way to apply fertiliser to no-till crops be determined. 
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Figure 1. Relationship between yield of wheat and the amount of P applied for (a) shoots harvested 
09/211/2001; and  (b) grain harvested 28/12/2001.  Sown 17/07/2001 near Newdegate. 
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Figure 2. Relationship between concentration of elements in dried wheat shoots and the amount of 
element applied for (a) P, for shoots harvested 02/10/2002 near Jerramungup;  (b) Cu, for 
shoots harvested 20/09/2002 near Esperance; (c) Zn, for shoots harvested 02/10/2002 near 
Jerramungup. 
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Soil test study 
Soil test values for all three elements were unaffected by amount applied and method of application 
when samples were collected between rows, at random, or from all banded treatments where fertiliser 
was placed below the 0-10 cm sampling depth.  Soil test values for samples collected in rows 
increased as the amount of fertiliser applied increased and were about double the values collected 
half in and half between rows.  Because fertiliser P, Cu and Zn applied in the old cropping system 
were still mostly fully effective for crop production, it was not possible to determine the best method of 
collecting soil samples for soil testing in no-till paddocks. 
CONCLUSION 
The most effective way to apply fertiliser P, Cu and Zn to no-till crops is not known and can only be 
determined when the residual value of fertiliser P, Cu and Zn applied and mixed through the topsoil in 
the old multi-soil cultivating cropping system becomes exhausted.  It will also only then be possible to 
assess the best method of collecting soil samples from no-till cropped paddocks to measure soil test 
P, Cu and Zn. 
KEY WORDS 
phosphorus, copper, zinc, no-till cropping, wheat, soil testing, residual value of fertilisers 
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Uptake of K from the soil profile by wheat 
Paul Damon and Zed Rengel, Faculty of Natural and Agricultural Sciences, 
University of Western Australia, WA 
KEY MESSAGES 
• Wheat showed good capacity to take up K from subsoil.  Where the subsoil was enriched with 
K, wheat responded by increasing root and shoot growth and K content in shoots. 
• Although wheat took up K from dry topsoil, the amounts taken up were small with respect to the 
total plant K uptake. Plants took up K from dry topsoil only when subsoil was limiting for K. 
• Rubidium (Rb) (K analogue) is suitable for tracing K uptake by wheat from dry topsoil. 
BACKGROUND 
Transport of soil potassium (K) toward roots is largely driven by diffusion and is strongly influenced by 
soil water content.  Current cropping practices deliver fertiliser K to within 5 cm of the soil surface; a 
soil layer which is often subject to prolonged periods of dryness through the growing season. 
AIMS 
To measure the capacity of wheat to:  1. take up K from subsoil; and  2. take up K from dry topsoil 
when water is available in the subsoil. 
METHOD 
Experiment 1:  Selectivity for K over Rb for uptake by wheat 
Two genotypes of wheat: Nyabing (K-efficient) and Cranbrook (K-inefficient) (Damon and Rengel, 
2005) were grown in the glasshouse at Crawley, WA for 5 weeks during September and October 
2005.  Plants were grown in sealed columns (10 cm wide x 30 cm deep) containing 3.3 kg of 
K-responsive sandy topsoil (pale brown coarse sand; 19 mg K/kg soil).  Soil was amended with (in 
mg/kg soil) N (33), P (20), Ca (41), Mg (8), S (16), Mn (3), Zn (2), Cu (0.5), B (0.1), Co (0.1) and 
Mo (0.1).  K and Rb treatments (10 and 100 mg K/kg soil and 10.9 and 109 mg Rb/kg soil) were 
arranged factorially in a completely randomised block design.  All nutrients were mixed through the 
whole soil volume prior to sowing.  
Pots were sown with six seeds per pot and thinned to three plants per pot 1 week after sowing. 
Nitrogen was applied at 33 mg/kg soil as ammonium nitrate every 2 weeks after sowing.  Pots were 
watered daily with deionised water to maintain 10 per cent gravimetric soil water content. 
Whole shoots were harvested 5 weeks after sowing, dried and weighed. K and Rb were analysed by 
atomic emission spectrometry (AAS).  Shoot weights and concentration and content of K and Rb in 
shoots were analysed by ANOVA.  The relationship between K and Rb content in shoots was 
analysed by regression analysis, taking into account the ratio of K:Rb in soil. 
Experiment 2:  K uptake by wheat from subsoil versus dry topsoil 
The two genotypes from experiment 1 were grown in soil columns 15 cm in diameter and 1 m deep in 
the glasshouse for 8 weeks from April to June 2005.  Soil columns were constructed of a 10 cm topsoil 
layer (pale brown coarse sand; 19 mg K/kg soil) (2.2 kg soil/pot; 42 mg available K/pot) and an 87 cm 
subsoil layer (brownish yellow coarse sand; 17 mg K/kg) (20 kg soil/pot; 340 mg available K/pot).  The 
topsoil was the same soil as used in Experiment 1.  The two soil layers were separated by a 3 cm 
layer of plastic beads to prevent capillary movement of water from subsoil to topsoil.  A 50 mm access 
tube was placed at the centre of each column for monitoring soil water content through the whole 
profile with a Diviner 2000® soil moisture probe.  A 10 mm diameter pipe was placed down the column 
to allow watering of subsoil only.  Four plastic pipes, 27 mm in diameter, were placed horizontally in 
the topsoil in the cross formation 7 cm below the soil surface to allow the later placement (‘banding’) of 
K into the root zone when topsoil dried out. 
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Topsoil and subsoil were amended with basal nutrients as in Experiment 1.  Treatments were: K 
banded into dry topsoil, no K added, K added to subsoil only and K added to both dry topsoil and 
subsoil. 
K was applied to subsoil before sowing at 100 mg K/kg soil and mixed through the whole soil volume.  
Topsoil K treatments were applied five weeks after sowing when topsoil was completely dry by 
removing ‘banding’ tubes and placing topsoil (not amended or amended with 500 mg K/kg and 
220 mg/kg Rb; 100 mg K/pot and 44 mg Rb/pot) into the void left by removing the ‘banding’ tubes.  
Roots were growing all around the ‘banding’ tubes and were in direct contact with the banded soil.  
Twelve seeds per pot were sown, with three seeds positioned above each ‘banding’ pipe.  Plants were 
thinned to four per pot (one plant above each ‘banding’ pipe) one week after sowing.  Soil moisture 
was monitored and maintained at 10 per cent gravimetric moisture content through the whole soil 
profile with de-ionised water for 4 weeks after sowing.  After 4 weeks, water was applied to subsoil 
only, and topsoil was allowed to dry completely.  K was applied to dry topsoil five weeks after sowing.  
Shoots were harvested 3 weeks later when plants were at early stem elongation stage.  Shoots were 
dried at 70C, weighed and analysed for K and Rb as in Experiment 1. 
Soil columns were divided into four sections by depth (0-10, 10-30, 30-50 and 50-100 cm).  Roots 
were collected from each depth and analysed for length and diameter by a ‘WinRhizo’ root scanner 
then dried at 70C and weighed. 
RESULTS 
Experiment 1:  Selectivity for K over Rb for uptake by wheat 
The ratio of K:Rb taken up into shoots was highly correlated with the ratio of K:Rb in soil (p < 0.001).  
There was no significant difference between genotypes in the regression co-efficient, so a single 
regression has been used to represent both genotypes.  99.5 per cent of variability was explained by 
the function (taking into account native K in soil and K and Rb applied). 
K:Rb (w/w in shoot) = 1.63 * K:Rb (w/w in soil) 
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Figure 1. (a)  Correlation between K:Rb (w/w) in shoot and K:Rb (w/w) in soil; and  (b) Shoot weight of 
5-week-old wheat plants grown with varying concentrations and ratios of K and Rb applied to 
sandy soil before sowing.  Error bars are ±standard deviations of means. 
Both genotypes produced significantly more (p < 0.001) shoot weight at the high rate of K than at the 
low rate of K.  The high rate of K also increased (p < 0.001) the K concentration and amount of K in 
shoots of both genotypes.  However, K-inefficient Cranbrook was more responsive to K for K uptake 
(p < 0.001).  In contrast, the high rate of Rb significantly (p < 0.001) reduced the shoot weight, 
K concentration and amount of K in shoots of both genotypes.  It is unlikely however that there was a 
direct toxic effect of Rb, as luxury amounts of K largely alleviated the negative effects of Rb on shoot  
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weight.  It is likely that Rb affected shoot growth indirectly through competition with K+ at transporters 
and its subsequent effect on K uptake, as shoot dry weight was highly correlated with K content 
(p < 0.001). 
Experiment 2:  K uptake by wheat from subsoil versus dry topsoil 
K uptake from subsoil 
Wheat was effective at accessing and utilizing subsoil K; both genotypes (K-efficient and K-inefficient) 
produced significantly more root (p < 0.001) and shoot biomass (p < 0.001) where subsoil was 
enriched with 100 mg K/kg.  Plants took up to 1000 mg of K into shoots where subsoil was enriched 
with K compared with 200 mg of K where subsoil was not enriched with K.  This amount of K is 
equivalent to about half of the total amount of K applied through the 87 cm subsoil profile.  
Amendment of subsoil with K also significantly increased K concentration in shoots and young mature 
leaves to luxury levels.  Wheat plants continued to take up available K beyond their critical 
requirements for growth. 
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Figure 2. (a)  K content in shoots; and  (b) Shoot dry weight of wheat plants grown in 1-m columns of 
sandy soil where water is available in subsoil and topsoil is dry.  Subsoil treatments are nil 
and 100 mg K/kg soil mixed through the entire soil volume.  Topsoil treatments are no K 
applied and K applied as a K enriched (500 mg K/kg) band into dry topsoil.  Error bars are 
±standard deviations of means. 
K uptake from dry topsoil 
Wheat was relatively ineffective at acquiring K from dry topsoil.  Placement of K-enriched dry soil into 
the root zone did not significantly increase shoot weight for either genotype, even where plants were 
under K deficiency stress due to low K availability in subsoil.  Furthermore, K amendment of dry topsoil 
did not significantly increase K content or K concentration in whole shoots or young fully extended 
leaves for either genotype. 
Wheat took up significant (p < 0.05) amounts of K into shoots from dry topsoil only where K was 
limiting in the subsoil (Figure 3).  Where subsoil was enriched with K, no significant uptake of K from 
dry topsoil was detected by the Rb tracer method. 
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Figure 3. K uptake by wheat plants from a band in dry topsoil where water is available in subsoil.  
Subsoil treatments were nil and 100 mg K/kg soil mixed through the entire soil volume before 
sowing.  Topsoil treatment was a K-enriched (500 mg K/kg) band of dry soil placed into the 
dry topsoil 5 weeks after sowing.  Rb (220 mg/kg) was applied to topsoil with K as a tracer to 
identify K taken up from topsoil.  Error bars are ±standard deviations of means. 
Genotypic differences 
Nyabing produced significantly greater shoot weight than Cranbrook for all treatments, but particularly 
where K was limiting in subsoil.  Where K was limiting in subsoil, shoot (p < 0.1) and root length 
(p = 0.002) was reduced to a greater degree for K-inefficient Cranbrook than for K-efficient Nyabing. 
Nyabing responded to low K availability in subsoil by maintaining a significantly lower (p < 0.001) 
K concentration in shoots and young fully extended leaves than Cranbrook.  Where K was limiting in 
the subsoil, Nyabing was able to produce significantly greater shoot biomass than Cranbrook 
(Figure 2a), whereas the total K content in shoots was not significantly different between genotypes.  
Where K was readily available in subsoil, both genotypes capitalised by taking up luxury levels of K; 
however, Nyabing accumulated significantly more K in shoots than Cranbrook. 
CONCLUSION 
Experiment 1:  Selectivity for K over Rb for uptake by wheat 
The ratio of K:Rb in wheat shoots is highly correlated with the ratio of K:Rb in soil and can be 
described by a first order linear function accounting for 99.5 per cent of variability. 
K:Rb (w/w in shoot) = 1.63 * K:Rb (w/w in soil) 
The K-efficient genotype Nyabing and the K-inefficient genotype Cranbrook did not differ in 
discrimination against Rb for uptake.  There was, however, significant difference between genotypes 
for shoot and root growth, K uptake and response to Rb and K availability. 
Experiment 2:  K uptake by wheat from subsoil versus dry topsoil 
Wheat was not effective at taking up K from dry topsoil.  Less than 1 mg of the 100 mg of K placed into 
the root zone for 3 weeks during the tillering stage was detected in shoots.  Wheat plants only took up 
significant amounts of K from dry topsoil when K was limiting in the subsoil. 
Wheat was highly effective at taking up K from subsoil. Both K-efficient Nyabing and K-inefficient 
Cranbrook responded to K-enriched subsoil by taking up luxury amounts of K and increasing shoot 
weight and root length. 
K-efficient Nyabing was able to adapt to low subsoil K availability by maintaining a lower K 
concentration in shoots than K-inefficient Cranbrook.  Nyabing capitalised where K availability was 
high by taking up significantly more K than Cranbrook. 
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Reducing nitrogen fertiliser risks 
Jeremy Lemon, Department of Agriculture, WA, Esperance 
KEY MESSAGES 
• A strategy of in-season decisions allows better matching of nitrogen fertiliser to crop demand. 
• Nitrogen applications to wheat during stem elongation and up to booting are as effective as 
tillering applications if the crop does not suffer early nitrogen stress. 
• Yield forecasting and nitrogen decision tools allow better crop management decisions when 
seasonal conditions and potential yield are uncertain. 
AIMS 
This project aims to develop better nitrogen management for wheat protein, yield and economic return 
while limiting farmers’ risk.  The target area is the Esperance Port Zone which is the area of the South 
East Premium Wheatgrowers Association (SEPWA) but the principles can be applied in other parts of 
the southern Australian wheatbelt. 
The project addresses grower concerns about declining protein levels in wheat and maintaining future 
marketability of grain in a competitive environment.  Wheat protein levels have declined over the last 
10 years or more.  This due to less frequent legumes in rotations, higher crop legume yields removing 
fixed nitrogen and higher cereal yields which have not always been matched with adequate fertiliser 
nitrogen.  In low legume cropping systems, a much higher proportion of the cereal’s nitrogen 
requirements comes from fertiliser and the cost of fertiliser nitrogen is increasing.  Nitrogen fertiliser 
can be $80 /ha − up to 25 per cent of the crop input costs. 
Crop yield and protein response to nitrogen fertiliser depends on yield potential as determined by 
seasonal conditions.  The project has addressed the questions: 
• How much nitrogen fertiliser should be applied? 
• When should nitrogen be applied? 
• What is the latest time or growth stage that nitrogen can be applied to stimulate yield and 
protein? 
METHOD 
Thirty-eight experiments have been conducted over three seasons 2003-2005 from Mt Madden to 
Beaumont.  Most of the experiments have been conducted by farmers using their own machinery.  
Large plots with limited treatment numbers can not answer all questions but sound design with 
replication ensures valid results illustrating aspects of nitrogen management important to the local 
area.  Farmers and their neighbours are keen to see results in their own area and test decision tools 
such as Select Your Nitrogen (SYN) and the Nitrogen Calculator against paddock results.  Two small 
plot trials at EDRS have investigated times and rates of nitrogen top dressed as urea up to booting.  
All site results have been compared with SYN. 
All sites have been characterised for soil parameters, rotation and daily rainfall, had in season tissue 
tests and grain samples analysed.  At least three sites each season have had soil profiles collected to 
one metre with additional measurements of biomass accumulation curves and components of yield. 
As the project has progressed, the focus has shifted to later tactical nitrogen applications and 
assessing yield forecasting tools for better nitrogen fertiliser decisions.  Yield Prophet has been run in 
2005 at four sites in the area to assess its use in forecasting yield and likely crop nitrogen response.  
Three of these sites had farmer scale experiments of nitrogen rates and times.  Yield Prophet is a web 
based daily crop growth simulation model (APSIM) run by the Birchip Cropping Group and APSRU.  At 
all yield forecasting sites Potential Yield CALculator (PYCAL) and SYN have been assessed alongside 
Yield Prophet. 
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RESULTS 
The last three seasons have been very different. 2003 was generally a decile 9 season showing the 
need for adequate nitrogen to achieve potential yield with 10 per cent protein.  2004 started as an 
average season but no rain after mid September led to an overall decile 2-3 season with fertile 
paddocks suffering yield loss from excess fertiliser nitrogen.  2005 started very wet and finished wet 
but was very dry in July to mid August.  Both 2004 and 2005 were interesting seasons to manage as 
the spring grain fill period was quite different from the earlier parts of the season. 
Nitrogen timing 
The experiment at Esperance Downs in 2004 showed no significant yield penalty from later nitrogen 
application.  The site was reasonably fertile with an OC level of 1.43 per cent and soil N at sowing of 
67 kg N/ha to 60 cm with high yield potential on a canola stubble.  Despite the almost complete lack of 
rain after 10 September, peak yields were 3.5 to 3.7 t/ha with 50 to 100 kg N/ha as fertiliser.  Higher 
rates of N at tillering and stem elongation decreased yields but the same higher rates of urea applied 
at booting did not decrease yield. 
Split applications of N yielded similarly to single times of application at either the tillering or stem 
elongation times of application.  They were also similar for protein and screenings. 
Protein levels were the same for any rate of N 
irrespective of when it was applied.  All times of N 
application were followed by useful rainfall. 
Screenings were increased while yield was 
depressed by excessive N at tillering and stem 
elongation.  Screenings were not increased by 
high rates of N at booting. 
An experiment at Grass Patch in 2004 further 
illustrated that late nitrogen does not reduce yields 
under dry spring conditions as much as tillering N.  
Table 1 shows Flexi-N applied on 13 September, 
after the last significant rain of the season 
increased protein but had less adverse effect on 
yield and screenings than the earlier applications 
of the same rate.  
Fig 1: Wheat yield from N rates and timing
- Esperance Downs 2004
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Fig 2: Wheat protein from N rates and timing
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Table 1. Wheat grain response to rates and time of Flexi-N at Grass Patch 2004.  Tillering application 
on 13 July, booting on 13 September after the last effective rain for the season 
Flexi-N L/ha N rate/timing Yield t/ha Protein % Screens % 
Return from applied  
N $/ha > nil 
Nil Nil 2.69 10.0 7.6  
25 L Flexi-N 10 tillering 2.56 10.5 8.7 -$36 
50 L Flexi-N 20 tillering 2.51 10.9 11.0 -$87 
100 L Flexi-N 40 tillering 2.31 11.6 13.2 -$140 
25 L Flexi-N 10 booting 2.52 10.4 7.6 -$35 
50 L Flexi-N 20 booting 2.47 10.7 10.1 -$88 
100 L Flexi-N 40 booting 2.52 11.2 9.5 -$74 
25 + 25 L Flexi-N 20 split 2.50 11.1 12.0 -$95 
In 2005 split applications of nitrogen at 
Howick (Figure 4) generated the highest 
yields but delaying nitrogen past tillering 
decreased yield through reduced head 
numbers.  The site was waterlogged for 
periods during the growing season. 
Split applications at Salmon Gums 
(Figure 5) provided best returns and good 
protein in an excellent season.  The target 
yield range was 1.8-2.5 t/ha needing 10 to 
40 kg N/ha.  The 40 kg N/ha rate was 
applied as Flexi-N at different times and 
split timing.  At this relatively fertile site 
(0.76% OC, 74 kg N/ha soil N to 60 cm at 
sowing) where there was no waterlogging, 
the crop suffered no nitrogen stress so a 
split application of N at elongation and 
flowering was equivalent to application at 
tillering and elongation and superior to 
40N at tillering only. 
Yield forecasting 
Sites were characterised by soil profile 
sampling to 1 m.  Participating farmers 
nominated their paddock management by 
entering details on the Yield Prophet 
website and updated their own rainfall data 
regularly.  One way to assess yield 
forecasting or modelling systems is to 
compare the model outputs with paddock 
results.  For most mallee sites in the 
project, actual yields with adequate N are similar to predicted PYCAL yields.  Yields simulated by Yield 
Prophet were generally lower than actuals in the 2005 season.  A combination of PYCAL and SYN 
generally reflected actual yield and protein results well enough for forecasting when making nitrogen 
decisions. 
Fig 4: yield and  protein response to N tactics - Howick 2005
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Table 2. Comparison of modelled and actual yield and protein from nitrogen rates at three sites in the 
Esperance Port Zone 
 
Yield t/ha Protein % 
Actual 
Yield 
prophet 
PYCAL & 
SYN 
PYCAL Actual 
Yield 
prophet 
PYCAL & 
SYN 
Salmon Gums        
0 N 2.43 2.3 2.44  8.6 6.9 8.7 
20 N 5 was 2.66 2.4 2.65  9 9.8 9.1 
40 N 5 was 2.82 2.7 2.78 2.84 9.7 12.2 9.5 
Neridup        
0 N 3.29 2.2 2.68  10.6 6.3 8.2 
35 N 4 was 3.55 3.2 3.48  10.7 7.8 8.5 
75 N 4was 3.73 4.7 4.07 6.15 10.8 8.2 8.9 
75 N 16 was 3.46 4.3 2.68  13 11.5 8.2 
Wittenoom Hills       
56 N total 4.3 2.7 3.53 4.64 10.0 8.3 8.5 
CONCLUSION 
Using yield forecasting systems in conjunction with nitrogen decision tools increases the chances of 
matching fertiliser to yield potential. 
Delaying nitrogen decisions to key times in the growing season reduces the risk of too much or too 
little N fertiliser.  Farmers need to respond to conditions as the season develops.  To achieve potential 
yield and maintain protein in low rainfall zones, farmers need to respond to good seasonal conditions 
with additional nitrogen fertiliser.  Similarly, growers in medium and higher rainfall areas need to delay 
nitrogen to reduce the risk of water logging and leaching losses and ensure the crop has good yield 
potential before committing the whole amount (cost) of nitrogen.  Nitrogen can be applied to cereal 
crops at any stage up to booting if there is following rainfall to wash the fertiliser into the root zone.  If 
seasonal conditions deteriorate after late nitrogen application, there is less yield loss and no increase 
in screenings from nitrogen at booting (if applied) compared to tillering or earlier. 
KEY WORDS 
yield forecasts, nitrogen fertiliser, growth stage, wheat 
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Yield Prophet® and canopy management 
Harm van Rees1, Zvi Hochman2, Perry Poulton2, Nick Poole3, Brooke 
Thompson4, James Hunt1; 1Birchip Cropping Group, Victoria; 2CSIRO, Toowoomba, 
Qld; 3Foundation for Arable Research, New Zealand; 4Cropfacts, Victoria 
KEY MESSAGES 
APSIM simulations, accessed through the Yield Prophet web interface, were evaluated for their ability 
to forecast nitrogen fertiliser responses at the Foundation for Arable Research (FAR) canopy 
management trial in the Wimmera. 
Yield Prophet accurately simulated crop yield, protein and dollar returns for a range of nitrogen 
fertiliser application rates and timings. 
Later application of nitrogen allows Yield Prophet to assist farmers in making nitrogen fertiliser 
application decisions at a time when more is known about the season in terms of rainfall and plant 
growth.   
For accurate simulations, Yield Prophet requires good soil characterisation data (crop lower limit, 
drained upper limit and bulk density) and pre-sowing measurements of soil water and available 
nitrogen. 
AIMS 
APSIM computer simulations of crop growth, accessed through the Yield Prophet web interface, are 
proving to be a very useful tool for managing nitrogen.  Yield Prophet provides an objective indication 
of the likelihood that a crop will respond to nitrogen fertiliser.  It can also be used to objectively assess 
the likely dollar return from applying nitrogen fertiliser. 
The GRDC funded project on canopy management coordinated by Nick Poole (FAR, New Zealand) 
has clearly demonstrated for wheat, that nitrogen applications later in the season result in similar or 
better yields in comparison to up-front applications of nitrogen (pre-drilling).  An additional benefit of 
late nitrogen application is that protein levels are usually higher, and screenings lower, compared to 
pre-drilled application.  
Later application of nitrogen provides an opportunity for Yield Prophet to assist farmers in making 
nitrogen application decisions at a time when more is known about how the season is unfolding in 
relation to rainfall, and how well the crop is growing.  This paper uses data collected by Brooke 
Thompson at Lubeck in the Victorian Wimmera and shows how Yield Prophet performed during the 
season and how it can be used to make better nitrogen topdressing decisions. 
METHOD 
Frame wheat was dry sown on a Wimmera Clay (Grey Self-mulching Vertosol) at Lubeck on 29 May 
2005 at a plant density of 197 plants/m2.  The effective sowing date was 9 June when the autumn 
break occurred, with 34.8 mm of rain falling at Longerenong over 3 days (nearest BOM station).  The 
crop was treated with standard inputs, with the exception of nitrogen fertiliser which was applied in 
accordance with the treatment list in Table 1. 
Table 1. Nitrogen (urea) timing and rate treatments applied to Frame wheat 
Treatment timing Rain following  Growth stage description 
Untreated  No nitrogen applied 
50 kg/ha N pre-sowing  
1 May 
11.8 mm on 9 June All nitrogen applied pre-sowing 
100 kg/ha N pre-sowing  
1 May 
11.8 mm on 9 June All nitrogen applied pre-sowing 
50 kg/ha N GS31 
29 August 
5.2 mm on 30 August All nitrogen applied at first node 
100 kg/h N GS31 
29 August 
5.2 mm on 30 August All nitrogen applied at first node 
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Available soil nitrogen status on 1 April 2005 was 61 kg/ha N (0-70 cm depth with 18 kg/ha N in top 
10 cm).  Growing season rainfall (April to October) recorded at Longerenong was 242.2 mm with a 
further 50.4 mm recorded in November, most of which fell on 8 November, a date at which some 
treatments still exhibited considerable green leaf area.   
Yield Prophet was set up at the start of the season with the required data provided for soil 
characteristics (crop lower limit, drained upper limit and bulk density), starting soil water and available 
soil nitrogen, crop variety and sowing date.  The model was used to determine likely nitrogen 
responses at the time of pre-drilling and at the appearance of the first node (GS31).  The same rates 
of nitrogen were tested in the simulation as were used in the trial (control with no nitrogen fertiliser, 
and 50 and 100 kg of N/ha as urea). 
RESULTS 
Final yield and protein comparison 
Yield Prophet was able to simulate the growth of the crop during the season.  At crop maturity the 
simulated yields and grain protein contents were very similar to the observed yields for all rates and 
timings of nitrogen fertiliser (Table 2). 
Table 2. Observed and simulated yields and grain protein contents for the nitrogen trial at Lubeck with 
various N applications 
Treatment 
Observed yield 
(t/ha) 
Simulated yield 
(t/ha) 
Observed 
protein (%) 
Simulated 
protein (%) 
No N 2.9 2.5 8.8 10.2 
Pre 50N 3.5 3.8 10.1 11.1 
Pre 100N 3.8 4.4 13.3 13.7 
GS31 50N 3.9 3.8 11.3 11.1 
GS31 100N 4.1 4.4 13.3 13.7 
Predictive performance of Yield Prophet 
At both pre-drilling and GS31 Yield Prophet indicated that there was a high probability of a large yield 
increase in response to nitrogen fertiliser application (Figure 1).  At both times there was a 50 per cent 
chance of a yield increase exceeding 0.6 t/ha. 
  
N applied pre-drilling N applied at 1st node stage (GS31) 
Figure 1. The probabilities of yield outcomes for three different nitrogen applications (0, 50, 100 kg 
N/ha) at sowing (pre-drilled) and at appearance of the first node (GS31). 
Dollar return estimate at the end of tillering 
Yield Prophet can calculate the profit that is likely to result from the application of nitrogen fertiliser.  It 
does this by subtracting the expense of nitrogen fertiliser and its’ application from the income from 
wheat, based on likely yield, protein and price (Figure 2). 
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Figure 2. Marginal return for two nitrogen fertiliser applications (50 and 100 kg of N/ha) at the end of 
tillering.  The lightly shaded line is the marginal return between applying 50 kg N/ha and no 
further nitrogen, the dark line is the marginal return between applying 100 kg N/ha and no 
further nitrogen. 
In the example of dollar returns presented in Figure 2 for the 100 kg N/ha (dark line) there is a: 
• 30 per cent chance (1 in 3 years) that no return on investment or a loss is made from applying 
nitrogen; 
• 50 per cent chance (1 in 2 years) that a $50/ha or more return on investment can be made; 
• 30 per cent chance (1 in 3 years) that a $80/ha or more return on investment can be made. 
For the 50 kg N/ha option there was a lower chance of losing money (1 in 4 years) but also a lower 
chance (1 in 10 years) of making an $80/ha return on investment. 
Other outputs useful for making nitrogen decisions 
Yield Prophet also features additional outputs useful for making nitrogen decisions.  It can show the 
current plant available soil water content within the rooting depth of the crop.  This is a useful aid to 
see how much plant available water is in the profile and when the crop is likely to become drought 
stressed (without rain or irrigation).  It also features several seasonal rainfall forecasts − the decile 
technique, SOI phase system and the GESS (Global ENSO Sequence System) forecasting system 
from the Department of Agriculture in WA. 
CONCLUSION 
For sites where there is good information on soil water characteristics (crop lower limit, drained upper 
limit and bulk density), soil water and available nitrogen content prior to sowing, Yield Prophet is a very 
useful tool which: 
• accurately ‘grows’ a crop during the season using computer simulation; 
• presents information on likely crop yield responses from additional nitrogen fertiliser; 
• makes an assessment of the likely dollar return in comparison to no further application of 
fertiliser; 
• allows users to ‘see’ how much plant available soil moisture is still in the profile and whether the 
crop is likely to run out of water soon; 
• provides several seasonal forecasts of rainfall. 
KEY WORDS 
canopy management, Yield Prophet 
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Producing profits with phosphorus 
Stephen Loss, CSBP Ltd, WA 
KEY MESSAGES 
Liquid phosphorus (P) fertilisers resulted in yield increases of 8-31 per cent and improvements in P 
use efficiency of 6-18 per cent compared to conventional solid fertilisers at six out of 28 wheat trials 
since 2000.  All responsive sites had high P fixing soils but the responses were not consistent.  
Assuming liquid P fertilisers cost more than solids, then increases in yield and logistical benefits are 
required to encourage adoption. 
BACKGROUND 
It didn’t take long for the first farming pioneers in this State to realise that agricultural plants grew 
poorly in our highly weathered soils.  In most cases P deficiency was the major limitation and it was 
not until the manufacture of superphosphate that broad-acre farming became viable and agriculture 
was able to expand beyond the most fertile soils along the Avon and Greenough rivers.  
It has been estimated that more than three million ha of WA’s agricultural soils have high capacities to 
fix P making it inaccessible for plant uptake.  Applications of P fertiliser have built up large P reserves 
in these soils, but this P is not readily available to plants.  It is common for plants to take up only 
10-15 per cent of the P applied in the fertiliser, even in situations where the yields have responded 
and P applications have been profitable.  If the uptake of P on these soils could be increased through 
the development of more suitable fertilisers and improved application techniques, then crop and 
pasture productivity and profits would be enhanced significantly.  Topdressing P on these soils is 
inefficient especially with reduced tillage practices, and significant improvements in P utilisation can be 
made by drilling P close to or below the seed. 
Large improvements in P uptake have been measured with the application of liquid fertilisers on 
calcareous soils in South Australia and Victoria.  Liquids appear to have significant advantages over 
conventional granular fertilisers (especially triple superphosphate and di-ammonium phosphate) 
because of improved P distribution, less fixation, and greater mobility in calcareous soils.  Since 2000, 
CSBP has been evaluating various liquid P fertilisers on range of soil types in WA and has developed 
a range of commercial fertilisers. 
METHOD 
A total of 28 wheat trials were conducted during 2000-2005 comparing a range of liquid and solid P 
fertilisers.  The experimental design included a number of P rates (typically 0, 5, 10, 20 and 
40 kg P/ha) for the standard solid fertiliser (either triple superphosphate, mono-ammonium phosphate, 
Agstar 14:14:0:9.4, or Agflow 13:18:0:6), and a number of other liquid and solid fertilisers applied at 
low rates (5, 10 or 20 kg P/ha).  Rates of other nutrients were equalised across the treatments and 
usually applied in adequate amounts to eliminate possible deficiencies other than P.  The type of liquid 
fertilisers tested varied from year to year and were based on phosphoric acid, suspensions of mono or 
di-ammonium phosphate (Liqui-NP), or ammonium polyphosphate (Flexi-NP).  The P fertilisers were 
either banded 3-4 cm below the seed (using Primary Sales Superseeder points), or 3-4 cm below and 
2-3 cm to the side (using Conserva Pak points). 
The plots were 2.1 m (9 rows) by 20 or 40 m long, with the treatments arranged in a randomised block 
design including three replicates.  Choice of wheat variety, sowing rate, pesticide applications and 
other crop management practices were in line with local standards.  Plant growth and P uptake were 
assessed 4-8 weeks after sowing and grain yield and quality, and P removal in the grain were 
measured at the end of the year. 
RESULTS 
At about half the trial sites liquid P fertilisers resulted in improved early vigour and increased uptake of 
P compared to the solid fertilisers (data not presented).  These early benefits were not always 
translated into yield increases partly due to dry conditions at some sites in 2001 and 2002.  
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Nonetheless, significant grain yield increases were measured with the application of P in all trials 
(P < 0.05), indicating comparisons of P fertilisers were valid.  At six sites the application of liquid 
fertilisers resulted in significant increased grain yields of 8-31 per cent compared to solid fertilisers 
(Table 1; P < 0.05).  This correlated to increases in P use efficiency of up to 18 per cent.  The soils at 
the six responsive sites were highly P fixing with either large reactive iron measurements such as the 
Forest gravels, or high pH such as the Morrel soils of the eastern and south-eastern wheatbelt.  The 
responses were not consistent across soil type or season, with similar soils at other sites showing no 
response to liquids.  Responses were evident with all three types of liquid fertilisers. 
Some of the trials also included other P fertilisers.  Agras (16:9:0:14) showed improvements in grain 
yield and P use efficiency at several sites over mono or di-ammonium phosphate (data not presented, 
P < 0.05).  The improved P utilisation with Agras is thought to be related to its good distribution and 
acid reaction with the soil compared to alternatives. 
Table 1. Sites where liquid P fertilisers produced significantly greater yield and P use efficiency than 
equivalent rates of solid granular fertilisers 
Site Year Soil type Reactive Fe 
pH  
(CaCl2) 
 Yield 
% 
 P use 
efficiency % 
Dandaragan 2000 Sandy loam 2,112 5.5 9 17 
Salmon Gums 2001 Clay loam 535 8.0 11 17 
Mukinbudin 2001 Loam 235 7.5 8 15 
Southern Cross 2003 Sandy loam 1,218 4.4 31 6 
West Dale 2003 Gravelly loam 2,445 5.4 29 - 
Newdegate 2005 Loamy sand 878 5.2 8 18 
Liquid P fertiliser prices will depend upon the cost of raw materials or imports, the method of 
manufacture, and market demand. If a large market were to develop, liquid P fertilisers may be about 
20 per cent more expensive than equivalent solid fertilisers (i.e. $2.40 cf. $2.00/kg P).  Assuming a 
typical application rate of 15 kg P/ha and $150/t on-farm wheat price, then the liquid application will 
cost about $6/ha more than the solid, and a yield increase of only 40 kg/ha would be required to cover 
the additional expense.  This is equivalent to a 2 per cent yield increase on a 2 t/ha average.  Based 
on these assumptions, the liquid fertilisers would have been considerably more profitable than the 
solids at the six sites in Table 1.  Logistical and handling benefits of liquid P fertilisers have not been 
considered in this comparison.  Many growers already have seeding equipment for banding Flexi-N so 
barriers to adoption may be small. 
CONCLUSION 
Out of 28 trials conducted from 2000-2005, liquid P fertilisers resulted in 8-31 per cent yield increase 
compared to conventional granular fertilisers at six sites.  Phosphorus use efficiency was increased by 
6-18 per cent.  All responsive sites had high P fixing soils but the responses were not consistent.  
Assuming liquid P fertilisers cost more than solids, then wheat yield increases and logistical benefits 
are required to encourage adoption. 
CSBP is continuing to evaluate a range of P fertilisers in an attempt to improve P utilisation on high 
fixing soils. 
KEY WORDS 
fertiliser, liquid, fluid, nutrient, wheat 
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Potassium response in cereal cropping within the 
medium rainfall central wheatbelt 
Jeff Russell1, Angie Roe2 and James Eyres2, Department of Agriculture, WA, 
Northam1 and Farm Focus Consultants, Northam2 
KEY MESSAGES 
Diagnosing the effectiveness of applying potassium may require a greater understanding of soil 
properties and moisture relations affecting root depth and the ability of the crop to extract K at depth. 
AIM 
The requirement for cereal crops for potassium fertiliser has come under increased scrutiny by 
growers in the central wheatbelt of Western Australia.  In 2003 and 2004 the Kellerberrin Farm 
Demonstration Group conducted a number of on farm research activities to investigate potassium rate 
responses.  These initial investigations raised a series of questions about the adequacy of standard 
soil tests to indicate whether a response to K would be valid. 
In 2005 a comprehensive series of on farm research activities were conducted by the Kellerberrin 
Farm Demonstration Group to establish whether or not, and under what circumstances, wheat crops 
would respond to an application of potassium (drilled or topdressed).  The results of these activities 
are outlined in this paper. 
METHOD 
In 2003 a simple replicated ‘strip’ test at a site within a paddock indicating marginal K levels (36 ppm), 
was conducted by one member of the Kellerberrin Farm Demonstration Group.  A response should 
have been forth coming but was not evident.  Likewise in 2004, eight on farm research activities were 
conducted (four for wheat and four for barley).  Growers selected sites based on their previous 
knowledge of the paddocks being marginal in potassium.  These activities were of a randomised block 
design of 4 rates (0, 25, 50 and 100 kg/ha) of Muriate of Potash topdressed before or at seeding.  Plot 
length exceeded 100 m.  While some trends indicative of increasing yield and quality were noticed at 
some sites there seemed to be little clear evidence of responses to applied K as MOP.  Regression 
analysis did not indicate significant (p < 0.05) responses to applied K. 
In 2005, 4 detailed on farm research activities were conducted.  Growers selected the sites based on 
prior knowledge of their properties.  Two had MOP topdressed as in 2004.  The other two sites had 
half rates of MOP drilled away from the seed at sowing.  Treatments were replicated 3 times in a 
randomised block layout.  Plots were at least 150 m in length.  More detailed soil testing of the sites 
was conducted.  CSIRO working on a complementary project with the growers delivered detailed soil 
analysis at depth at 3 of the sites.  Tissue test measurements were made during the season.  At 
harvest the centres of each plot were harvested and the grain was measured using a calibrated weigh 
trailer.  Samples of grain from each plot were taken for further analysis through CBH.  Regression 
analysis using Genstat v7 was conducted on the data. 
A fifth activity by one grower was to assess the response to potassium through a simple exclusion 
experiment.  This was randomised and replicated based on a mirror image pattern with plots being 
about 200m in length.  Fertiliser rates were altered to give similar amounts of the main elements one 
having potassium at a rate of 11 kg/ha the other nil.  A simple ANOVA analysis was conducted on the 
results using GENSTAT v7. 
RESULTS 
A brief description of the research sites is given in Table 1.  All sites indicated low to marginal 
potassium levels at the two soil depths (0-10 and 10-20 cm).  Soil testing beyond these depths shows 
that at sites 1 and 2 potassium levels increase considerably (Figure 1).  Both these sites were duplex  
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soils.  At site 4 potassium levels begin to decline with depth.  The plant tissue tests seem to show 
responses expected with applied K.  Site 3 is the only grain responsive site (Table 2) and shows the 
lowest tissue levels of K. 
Table 1. Potassium status of the soils and plant tissue test results taken in August for each K 
treatment 
Site 
Soil test K 
(mg/kg) 
Plant tissue test K (%K) 
Topdressed K in kg/ha 
Topsoil 
(0-10 cm) 
Subsoil 
(10-20 cm) 
0 25 50 100 
Site 1. 
Sand over clay loam 
N/A N/A 
Marginal 
4.05 3.68 3.94 4.30 
Site 2. 
Sand over sandy 
clay loam 
60-65 
Marginal 
45-50 
Low 2.96 2.64 3.96 4.27 
 Drilled K in kg/ha. 
0 12.5 25 50 
Site 3. 
Sand 
39-66 
Low-marginal 
43-66 
Low-marginal 
2.44 2.38 2.63 2.86 
Site 4 
Sand 
38 
Low 
43 
Low 
2.53 2.73 2.89 2.70 
Site 5 
Sand 
27 
Low 
N/A - K 
3.55 
+ K (11.2 kg/ha) 
3.84 
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Figure 1. Soil potassium concentration profile with depth for 3 of the sites in 2005.  Courtesy of CSIRO. 
Harvest measurements for the sites are shown in Table 2 below.  Only at one site (site 3) was there a 
positive yield affect to applied K that was significant (p < 0.05).  Positive yield increases were seen at 
sites 1 and 2 to some extent.  It was only at site 3 that the dual positive attributes of increased yield 
and protein content responding to higher levels of applied K.  This is opposite to the more usual 
dilution effect seen with increasing yield.  Screening results were affected to a significant degree 
(p < 0.05) at site 1.  This was adverse to what a grower would prefer with increased screenings with 
applied K.  Nevertheless, the levels of screenings are so low as to be any economic impact.  While at 
site 3 screenings reduced with applied K.  Little else in conclusive responses to applied K can be 
detected in the data. 
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Table 2. Grain yield and grain quality response to applied potassium at the sites described in Table 1 
Site 
K rate  
(kg/ha) 
Yield 
(kg/ha) 
Protein 
% 
Grain weight 
(kg/hl) 
Screenings 
% 
1 
0 3450 11.3 83.0 0.8 
25 3420 11.1 83.1 0.8 
50 3467 11.1 82.6 1.4 
100 3507 11.0 82.7 1.5 
lsd (5%) 257 0.3 0.6 0.4 *** 
2 
(Frost affected) 
0 652 12.1 82.9 2.2 
25 731 12.6 83.1 2.6 
50 751 12.5 83.8 2.2 
100 711 12.3 83.5 2.3 
lsd (5%) 174 0.2 0.5 0.5 
3 
0 2077 9.6 82.7 2.3 
12.5 2247 9.4 82.8 2.0 
25 2403 9.4 83.5 2.1 
50 2367 9.5 83.4 1.7 
lsd (5%) 70 *** 0.1 *** 0.4 0.5 
4 
0 3373 9.3 81.0 1.9 
12.5 3260 9.4 81.2 1.6 
50 3323 9.4 81.2 1.8 
100 3327 9.3 81.3 1.8 
lsd (5%) 256 0.2 0.4 0.3 
5 
     
K (11.2) 3019 11.1 84.5 1.8 
-K 3024 11.3 84.5 1.7 
lsd (5%) 535 1.1 0.9 1.3 
*** Significance (p < 0.05) noted in regression analysis. 
Soil moisture profiles at three sites were measured as shown in Figure 2 below.  Plant available water 
to 1.2 m depth has been calculated as 105, 72 and 52 mm for sites 1, 2 and 4 respectively and 155, 
133 and 87 mm to 2.1 m depth respectively. 
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DUL:  Drained upper limit;  CLL:  Crop lower limit of extraction;  WC:  Water content 
Figure 2. Soil moisture characteristics of three of the sites studied.  Courtesy of CSIRO. 
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CONCLUSION 
From a growers’ perspective these results are disappointing as the 5 sites all indicated from the 
standard soil test results to be likely to respond to an application of K, yet only site 3 displayed this to 
any degree.  This is in keeping with the previous two years of observations. 
There may be two factors that are confounding the interpretation of indicators for applying K.  The first 
is that soil testing to select sites was only to 20 cm and this may not be deep enough to give a clear 
diagnosis of the supply of K.  The deep soil analysis (Figure 1) shows that at sites 1 and 2 there were 
large reserves of K at depth which the crop may have been able to access during the season.  These 
were duplex soils and the ability to readily access K may also be impacted upon by other physical and 
chemical constraints.  Crop roots have been able to access to this depth at site 1 (Figure 2a) and this 
was probably the case at site 2.  Hence with an adequate supply of K to the crop no response to 
applied K was forthcoming.  It is most likely these sites will not be K responsive for a while as long as 
crop roots can penetrate the subsoil with its increasing K status. 
Sites 3 and 4 were sandy soils and as Figure 1 shows for site 4, the already low levels of K continue to 
decline with depth.  This type of profile may have also been in existence at site 3.  We do know that 
site 4 was a deep sandy soil to depth and that in a year like 2005 adequate moisture can be made 
available to a reasonable depth.  Given the kind season which had average to slightly above growing 
season rainfall, the crop may have been able to extract adequate K for its needs down through the 
depth of soil its roots were able to explore.  This may not be the case in a drier season with a more 
limited depth of rooting for the crop. 
The application of 11.2 kg/ha of K at site 5 was probably not enough to deliver a measurable response 
in the light of the results delivered from the first 4 sites. 
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potassium, cereals, crop nutrition 
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Matching nitrogen supply to wheat demand in the 
high rainfall cropping zone 
Narelle Simpson, Ron McTaggart, Wal Anderson, Lionel Martin and Dave Allen, 
Department of Agriculture 
KEY MESSAGES 
Wheat yields in 2005 reached 6.4 t/ha with 160 kg/ha Nitrogen (N) applied tactically, resulting in a 
gross returns of $864/ha.  This gross returns was an increase over the Nil and Farmer N of $484/ha 
and $208/ha respectively.  N at 100 kg/ha (Farmer N) increased wheat grain yield by 2.2 t/ha over the 
Nil, and the gross margin to $276/ha.  Noodle protein (9.5%) was met only in the split N treatments 
with 160 kg/ha N.  Although yields were in excess of 6 t/ha with split N treatments, the yield potential 
of 7t/ha was not reached.  It is concluded that yield potential may be reached if Nitrogen rates, plant 
number and tiller retention were increased.  Alternatively, yield potential may need to be adjusted for 
the zone, which varies with other factors including frost and rainfall distribution. 
BACKGROUND AND AIMS 
Farmers need to increase fertiliser rates if they want to improve wheat yields and quality in the high 
rainfall cropping zone of Western Australia (HRCZWA).  Nitrogen fertiliser comprises a major part of 
the cost of wheat production, so for a farmer to make use of increased nutrition, inputs must be based 
on target yields and rates adjusted according to seasonal conditions.  Trial results in 2003 and 2004 
show that tactically applying fertiliser N after major rainfall and waterlogging and applying P at seeding 
can increase grain yields by up to 60 per cent over current practices.  The aim of this study was to 
explore wheat yield potential with N fertiliser and tactics of N timed according to phenology, weeks 
after sowing, incidence of waterlogging and critical tissue N. 
METHOD 
In 2005 an experiment was sown at Jingalup, 25 km south west of Kojonup, following a canola crop in 
2004 and continuous pasture prior to that.  Calingiri wheat, treated with Jockey, was sown on 23 May 
2005 to achieve a plant density of 200 plants/m2 (seeding rate was adjusted for seed weight and 
establishment and was 104 kg/ha) using a cone seeder fitted with knife points and presswheels at 
18 cm spacing.  270 kg/ha pasture fertiliser (50P, 27S, 38Ca) was applied at seeding and 100 kg/ha 
muriate of potash (50K) topdressed the following day.  Plant analyses on 16 August showed Copper 
deficiency and an additional 600 mL/ha Coptrel was applied on 19 August across the whole site.   
350 kg/ha (160N) and 210 kg/ha (100N) urea (total) were applied to selected plots at specified times 
and rates as indicated in Table 1.  The trial design was a randomised complete block with 8 N 
treatments in 4 blocks.  The plots were 4 m wide x 20 m long.  Insects and weeds were controlled 
throughout the season. Data was statistically analysed with GENSTAT.   
Table 1. Experimental nitrogen treatments 
Ttt Timing of nitrogen application N rate (kg/ha) 
1 Control Nil 
2 All N at seeding for 6 t/ha wheat. 160 N 
3 All N at seeding for 4 t/ha wheat. 100 N 
4 Phenology N (1/3 seeding, 1st node and 2nd node). 160 N 
5 Timed N (1/4 at seeding, 6 WAS, 12 WAS and 16 WAS. 160 N 
6 Tactical N (1/4 at seeding, 1st WL, 2nd WL and 3rd WL (or flag emergence). 160 N 
7 Demand N (%N) (1/4 at seeding plus 3 times based on plant tissue analysis. 160 N 
8 Farmer N (1/3 seeding, 2/3 tillering). 100 N 
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Measurements 
Soil at the site was characterised (physical and chemical) was performed for each horizon at the start 
of the season and at anthesis.  Plant establishment was determined on 28 June and tiller numbers 
counted fortnightly from that date from a permanent 1 metre row within each plot.  Plant tissues were 
analysed for N, P, K, S and micro nutrients throughout the season, with plant N (nitrate and 
ammonium in mg/kg) and soil water, Nitrate (mg/kg), ammonium (mg/kg) and total N (%) determined 
before all N applications.  Plant biomass and leaf area index (LAI) were taken at monthly intervals 
commencing 5 July using 1 x 0.25 m2 quadrat (2 x 0.25 m2 at final hand harvest). 
Climatic data (rainfall, temperature and radiation) were measured continuously and gravimetric soil 
moisture to a depth of 60 cm.  Free water in the root zone (waterlogging), was measured weekly 
throughout the growing season from 10 randomly placed ‘dip-wells’ (perforated tubes to measure free 
water in the root zone).  Dip-wells showed waterlogging occurred at least 3 times during the season, 
although only ever in four of the ten tubes, and one tube showing water at the surface for three 
separate weeks during the season (10 June, 23 June and 19 August).  Tactical N treatments were 
applied after the first waterlogging (10 June), third water logging (19 August) and at flag emergence 
(1 September). 
Grains per ear and grain weight (mg) were determined at hand harvest (7 December), and grain yield 
and quality (Hectolitre wt (kg/HL), moisture (%), protein (%) and screenings (%)), at final harvest 
(21 December).  
More detailed measurements were taken, but not presented at these updates.   
RESULTS 
Rainfall and potential wheat yield 
Annual rainfall at Jingalup during 2005 was 704 mm (Average annual rainfall at Kojonup is 531 mm), 
with 372 mm of this rain falling within the growing season (23 May-30 November 2005).  There were a 
number of frost days during the season that did not appear to impact on final yield or quality.  
Using the French and Schultz method, estimated water limited potential yield at the site in 2005 was 
7 t/ha, with losses during the growing season calculated at 30 per cent of rainfall due to deep 
drainage, evaporation and run-off (150 mm).  It is assumed that 50 per cent of summer rainfall events 
> 15 mm in April and May (5 rainfall events, total of 128 mm) will contribute to crop water use, thus 
total growing season rainfall was 500 mm (i.e. Yield potential = (500 – 150) x 20).  Actual wheat yields 
at the site in 2005 did not reach potential, with a maximum yield of 6.4 t/ha for the tactical N 
management treatment.  Reasons for the disparity will be discussed. 
Wheat nitrogen in whole plant 
Percentage nitrogen in whole plant at specified crop growth stages over the growing season were 
measured and compared to critical values from plant analysis criteria derived from Reuter and 
Robinson (1997).  Plant tissue analysis showing levels below these critical values are taken to imply 
that N was limiting crop production at that period.  At the 5 leaf stage (Z15),  per cent N was well below 
the critical value of 7.4 per cent for all treatments.  At the end of tillering (Z30), 160N at seeding (4.2%) 
and Demand N (4.8%) were the only treatments with plant N per cent in excess of the 4.2 per cent 
critical level.  By head emergence, only Phenology N (1.88) and tactical N (2.27) were above the 
1.8 per cent critical level.  From anthesis until dough development, all plant analyses were below the 
critical value; Nil with 0.7 per cent was well below the 1.4 per cent critical dough development stage 
value. 
Components contributing to final yield and quality 
The average establishment for all treatments was 208 plants/m2.  This was not different for any N 
treatments.  Other research in WA suggests that approximately 300 plants/m2 or 600 ears/m2 are 
required to support a 6 t/ha grain yield.  This trial showed that in 2005 when N was applied tactically 
during the growing season, 220 plants/m2 were sufficient to support a yield of 6.4 t/ha. 
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At the maximum tillering stage (about 76 days after seeding; Z30), tiller numbers peaked at 765/m2 for 
the tactical N treatment, significantly higher than all other treatments except the At seeding N for 6 t/ha 
yield (668/m2).  Nil and Farmer N treatment had the lowest number of tillers with 413/m2.  Table 2 
shows with data from our experiment that despite high tiller numbers, mortality rate was such that final 
ear numbers of between 440 and 480/m2 sustained grain yields in excess of 6 t/ha, but did not allow 
yields to reach the potential of 7 t/ha.  For all treatments, there was an average of 32 per cent 
mortality; the exception was Phenology N and Farmer N, with 14% mortality.  
Leaf area index (LAI; ratio of leaf to land area) over the season is shown in Figure 1.  The maximum 
LAI occurred for treatments at 101 days (Nil, Timed N, Demand N and Farmer N) or 127 days (160N 
at seeding, 100N at seeding, Phenology N and Tactical N) after seeding, prior to maximum biomass 
production (depicted as the vertical line at 140 days after seeding in Figure 1).  Phenology N had the 
highest LAI of 5.5, and Nil, the lowest with 1.8.  All treatments except Nil reached a LAI of 3, a value 
that must be reached before nearly all radiation is intercepted and the rate of growth becomes limited 
by light.  
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Figure 1. LAI for all N treatments at specific sampling times (depicted as days after seeding).  Vertical 
line represents maximum biomass at anthesis (140 days after seeding). 
Dry matter production during the season peaked at day 140, with no significant difference between the 
treatments except Nil (Table 2).  Although the Nil was significantly different to all other treatments at 
each sampling date (total of 8 dates), there was no significant difference between any of the other 
treatments until 171 days after seeding.  After day 171, Demand N, 100 N at seeding and Nil had 
significantly less dry matter than all other treatments (data not shown).  
Grain yield reached a maximum with the Tactical N (6.4 t/ha), not significantly greater than Timed or 
Phenology N treatments, but a significant 128% increase over the Nil treatment, and 14% increase 
over the Farmer N (total of 100N) (Table 1).  Timed N, Tactical N, Phenology N and Demand N had 
significantly increased protein levels compared to all other treatments, increasing the quality of the 
Calingiri wheat to that required for ASWN (noodle) segregation (9.5%-11.5%).  There was no 
significant difference in screenings and moisture at harvest ranged from 11.6% to 11.8% 
The increase in grain yield was not a result of an increase in grain weight, but a result of an increase in 
heads/m2.  Except for the Nil, there was also no difference in the number of grains/head between any 
of the treatments, averaging 37/hd versus 33/head (data not shown).  
Table 2 also shows the gross margins ($/ha) for each treatment.  The gross margin accounts for the 
cost of urea for each treatment ($500/tonne incl. gst) and wheat prices current at the Albany port 
($135.90/tonne for feed and $162.40/tonne for ASWN).  Tactically applying N increased farm income 
by $208/ha over Farmer N and $484/ha over applying no N.  There was also an increase of $278/ha if 
N was split throughout the season rather than applying it all at seeding. 
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Table 2. Plant numbers (plants/m2) at 6 weeks, tiller numbers at z30 (end of tillering), biomass (t/ha) at 
Z65 (anthesis) and ear numbers, grain yield and yield components at Z93 (maturity) and gross 
returns ($/ha) for Nitrogen treatments 
Treatment 
Plants/ 
m2 
Tillers/ 
m2 
Biomass 
(t/ha) 
Ears/ 
m2 
Grain 
wt. 
(mg) 
Grains/ 
ear 
Protein 
(%) 
Grain 
yield 
(t/ha) 
Gross 
returns 
($/ha) 
Nil 190 413 5.6 277 47 33 9.0 2.8 380 
160 N at 
seeding 
239 668 10.4 440 45 33 8.8 5.6 586 
100 N at 
seeding 
242 603 11.4 393 48 33 8.4 5.0 574 
Phenology N 191 506 11 438 45 37 10.2 6.1 816 
Timed N 183 589 11.1 453 47 37 11.3 6.2 832 
Tactical N 220 765 11 479 46 41 10.6 6.4 864 
Demand N 201 612 10.5 434 45 41 11.3 5.9 783 
Farmer N 198 413 9.7 353 46 36 9.0 5.6 656 
lsd (p < 0.05) ns 115 2.4 61 2 8 0.6 0.4  
CONCLUSION 
Wheat yields in excess of 6 t/ha were reached with splitting 160 kg/ha N over the growing season at 
Jingalup in 2005.  Splitting 160 kg/ha N also increased grain quality, allowing the grain to achieve 
noodle quality.  Increased yield and quality ensured that gross returns increased from $380/ha to 
$864/ha, an increase of $484/ha.  Although yields were increased, they didn’t reach the yield potential 
of 7 t/ha.  The reasons for this disparity include; low %N in the whole plant throughout the growing 
season, inadequate plant numbers and high tiller mortality.  Although annual and growing season 
rainfall were well in excess of the average, the site only waterlogged for 3 short periods during the 
season, thus low %N in the whole plant was probably due to low soil N availability at the start of the 
season.  Plant establishment of only about 200/m2 indicates that a seeding rate of 104 kg/ha is 
inadequate to support the potential yield in 2005 and subsequent research should be undertaken with 
seeding rates to support at least 300 plants/m2.  Tiller mortality rates were generally high, and more 
research needs to evaluate why Phenology N and Farmer N treatments had significantly lower 
mortality. 
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Comparative study of commercial wheat cultivars 
and differential lines (with known Pm resistance 
genes) to powdery mildew response 
Hossein Golzar, Manisha Shankar and Robert Loughman, Department of 
Agriculture, WA; South Perth 
KEY MESSAGES 
• Differential lines carrying genes Pm2, Pm3, Pm4, Pm27, and Pm28 were resistant in response 
to Blumeria graminis f. sp. tritici, causal agent of wheat powdery mildew. 
• Differential lines carrying genes Pm1a, Pm5a, Pm17 and Pm24 were highly susceptible. 
• Sixteen out of 17 commercial wheat cultivars evaluated in this study were susceptible both in 
seedling and adult stages. 
• Major resistance genes or their combinations, effective against the powdery mildew population 
in South Perth, as identified in this study, can be used in wheat breeding programs. 
AIMS 
Evaluate commercial wheat cultivars and differential lines (with known Pm resistance genes) to 
powdery mildew. 
Facilitate the utilisation of effective powdery mildew resistance genes in wheat breeding programs. 
BACKGROUND 
Powdery mildew, caused by Blumeria graminis f. sp. tritici can be an important foliar disease of wheat 
(Triticum aestivum L.) in regions with a cool and humid climate.  This disease has become more 
significant in semiarid regions as a result of changes in precipitation and increased use of nitrogen 
fertiliser.  Little is known about potentially useful genes for resistance to powdery mildew in 
commercial wheat cultivars in Western Australia.  Very susceptible wheat cultivars could increase risk 
of yield loss in sudden outbreak of powdery mildew. 
METHOD 
Field trials 
Seventeen wheat cultivars and a set of 26 differential lines with known Pm resistant genes were 
evaluated in response to natural population of B. graminis in 2004 and 2005.  The experiments were 
sown as randomised complete design with three replications at South Perth, Esperance, Geraldton 
and South Stirling.   
The plots constituted the varieties each sown in 1 m long row spaced 25 cm apart.  The experiment 
was surrounded by four rows of susceptible wheat spreaders.  Seeding rate was 2 g per plot. 
The B. graminis isolates used in this study were collected from the natural population in the field, 
trapped by susceptible green plants sown in 20  15 cm pots.  Primary inocula were propagated on 
susceptible seedlings of Federation variety in the glasshouse. 
Pots containing five infected seedlings were distributed between plots and spaced 70 cm apart.  
Plants were at growth stage Zadoks 30 when exposed to powdery mildew.  Infection spread naturally 
within plots and stabilised after three weeks. 
Five leading tillers (growth stage Zadoks 70) were sampled randomly from the middle of each plot and 
mildew severity assessed on a scale developed by CIMMYT (Anonymous 1981, Table 1).  Mildew was 
assessed on the upper four leaves and disease severity expressed as a disease index (DI), i.e. the 
mean mildew severity (0 ± 9 scale; Table 2). 
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Glasshouse trial 
Seedling test was conducted in the glasshouse using a randomised complete design trial with three 
replications.  Each variety was sown in 20  15 cm pot and considered as a single plot.  Seeding rate 
was 5 seeds per plot.  Same source of field inoculum was used for inoculation.  Pots containing five 
infected seedling were distributed between plots at the rate of one infected pot per five plots.  
Seedlings were at two leaves stage when exposed to the powdery mildew inoculum. 
After 14 days at 20 ± 2°C and ambient day light, severity of disease was scored relative to the 
susceptible control (Federation) in the set.  A scale of 0-5 was used for disease assessment where 5 
was considered susceptible and less than 2 resistant. 
Table 1. Scale of assessment of powdery mildew severity (adapted from CIMMYT; Anonymous 1981) 
Scores Percentage mildew infection on leaves 
0 None 
1 < 5% 
3 ≥ 5%, < 15% 
5 ≥ 15%, < 25% 
7 ≥ 25%, < 50% 
9 ≥ 50% 
RESULTS 
Please refer to Table 2 at end of paper for reactions of commercial wheat cultivars and 
differential lines with known genes for resistance to powdery mildew. 
Disease expression was high at South Perth but low at other sites.  Statistical analysis (ANOVA) 
showed significant difference between wheat cultivars (P > 0.001) in responses to B. graminis.  
Sixteen out of seventeen commercial wheat cultivars were susceptible both in the seedling and adult 
plant stages.  These cultivars appear to have no resistance genes against powdery mildew.  Arrino 
and Veery (differential line) were susceptible in seedling but resistance in adult plant stages (Table 2).   
Brookton and Federation (control) were most susceptible. 
A number of specific genes – Pm1a, Pm5a, Pm17 and Pm24 were significantly susceptible to the 
components of powdery mildew populations in South Perth.  Differential cultivars carrying these genes 
were highly susceptible to powdery mildew.  Genotypes carrying Pm2, Pm3, Pm4, Pm6, Pm7, Pm24, 
Pm27 and Pm28 genes were resistant (Table 2). 
CONCLUSIONS 
Major resistance genes or their combinations, effective against the powdery mildew population in 
South Perth, as identified in this study, may be useful in wheat breeding programs.  Arrino may be a 
source of adult plant resistance to powdery mildew.  
Use of resistant cultivars provides the most economical and environmentally safe means to control 
powdery mildew.  Breeders have predominantly used race-specific resistance governed by major 
genes, but breeding for long-term race-specific resistance is very difficult because B. graminis f. sp. 
tritici can evolve virulence to new resistance genes.  In order to obtain more effective and durable 
resistance, combinations of resistance genes can be deployed, but analysis of virulence spectra of the 
pathogen population is needed to identify the prevalent virulence genes in a given region and thereby 
identify resistance genes that will be effective in that particular region.  Testing of lines in other WA 
environments will improve our understanding of the pathogen population. 
The information obtained in this study provides a better understanding of powdery mildew resistance 
in commercial cultivars and is a prerequisite to pyramiding of known resistance genes. 
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Table 2. Reactions of commercial wheat cultivars and differential lines with known genes for 
resistance to powdery mildew 
Cultivar/line Resistance gene(s) PM field* PM glasshouse** Reaction type 
Axminster/8*Cc Pm1a 6 4.3 S 
Fedka Pm1a 9 4.7 S 
Thew Pm1a 6.3 4.7 S 
C112632/8*Cc Pm2 0 0.3 R 
Normandie Pm2 0 0.7 R 
Ulka/8*Cc Pm2 0 0.3 R 
TD 1656 Pm2 + Pm6 0 0 R 
Asosan Pm3a 0 0.7 R 
Asosan/3*Fed Pm3a 0 0 R 
Sonora/8*Cc Pm3c 0 0.7 R 
W 150 Pm3e 0 0.7 R 
Fed//Khapli/8*Cc Pm4a 0 0 R 
Khapli/8*Cc Pm4a 1 0 R 
Khapli emmer Pm4a + other unknown gene(s) 0 0 R 
ELS/8*Fed Pm4b 0 0 R 
Fed*8/w804 Pm4b 0 0.7 R 
Spica Pm5a 5.7 4.7 S 
Timgalen Pm6 1 0.7 R 
Transec Pm7 0 0.3 R 
Fed*4/Kavkaz Pm8 0 0.3 R 
Veery Pm8 0 4.7 R/S 
C93.70 Pm13 1 1.3 R 
Amigo/4*Matong Pm17 7 4.7 S 
Chiyacao = C96.31 Pm24 4.3 3.7 S 
Line 146-155-T Pm27 0 0.3 R 
Meri = C99.2 Pm28 1 0.7 R 
Khapli Mildew R Resistance control 0 0 R 
Federation Susceptible control 8.7 5 S 
Michigan Amber/8*Cc Unknown gene(s) 0 5 R/S 
Transfed Unknown gene(s) 5.7 4.7 S 
Ajana  5.7 5 S 
Arrino  1 4.7 R/S 
Brookton  8.3 5 S 
Camm  7.7 3.7 S 
Carnamah  6.3 4.3 S 
Cascades  6.3 4.3 S 
Corrigin  7 4.7 S 
Cranbrook  6.3 4.7 S 
Cunderdin  6.3 5 S 
Datatine  6.3 4.7 S 
Janz  5.7 4.7 S 
Machete  6.3 5 S 
Mitre  7 4.7 S 
Spear  6.3 5 S 
Westonia  5.7 4.7 S 
Wyalkatchem  7 4.7 S 
Yitpi  5 4.7 S 
lsd (p < 0.05)  1.4 0.8  
  * = Mean Powdery mildew reactions in adult plant stage; 0-9 scale. 
** = Mean Powdery mildew reactions in seedling stage; 0-5 scale. 
S = Susceptible;  R = Resistance;  R/S = Resistance in adult plant and susceptible in seedling stages. 
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On farm research to investigate fungicide 
applications to minimise leaf disease impacts in 
wheat – part II 
Jeff Russell1, Angie Roe2 and James Eyres2, Department of Agriculture, WA, 
Northam1 and Farm Focus Consultants, Northam2 
KEY MESSAGES 
Fungicides applied at seeding, either as a seed treatment or in furrow, have a role in improving wheat 
yields even in years of low leaf disease pressure in continuous wheat cropping. 
AIMS 
In 2002 stripe rust (Puccinia striiformis f.sp. tritici) emerged as a new disease to threaten wheat 
growers in Western Australia.  In early 2003 cautionary advice was given to growers to help minimise 
disease impacts through the use of fungicides pre-sowing and through follow up foliar spray 
applications.  At that stage disease management was yet to be comprehensively understood. 
In 2003 the Kellerberrin Demonstration Group investigated whether fungicides applied at seeding, 
either as a seed treatment or in furrow, or as a foliar application have an effect on improving wheat 
yields.  These results were published in the 2005 Crop Updates (p. 70, Cereals section). 
On farm research was repeated in 2004 to further verify the initial results of 2003.  Results have 
confirmed the initial findings that grain yield is enhanced through a pre sowing fungicide application at 
seeding.  Foliar application of fungicide when the flag leaf emerges is also beneficial.  In 2005 the aim 
was to establish a realistic and cost effective leaf disease control strategy. 
METHOD 
In 2004:  Impact® (ai flutriafol; 300 mL/ha) and Triad® (ai triadimefon; 200g/ha) were sown down as 
fertiliser treatments at seeding on wheat cv. Arrino, in 600 m strips with an airseeder.  A nil treatment 
was included, and all 3 treatments were replicated.  Tilt® (ai propiconazole) was then applied with a 
boom spray at 250 mL/ha across the centre half of the site at the Z37-39 stage (29 August 2004).  The 
resulting criss-cross block design gave a mirror image effect and helped to counter any likely influence 
of fertility gradients across the paddock.  All 6 replicates of each treatment combination was then 
imposed on the site with a useful degree of randomisation. 
Assessment of the initial seeding treatments on the site occurred after the foliar spray was applied.  A 
disease rating of the flag-3 leaf was recorded on 9 September and followed up on 27 September for 
the flag leaf.  Plot yields and resultant grain quality were recorded.  Statistical analysis was performed 
using Genstat with the assistance of the Department’s Biometrics Branch. 
In the light of the 2003 and 2004 results a third season’s research was conducted in 2005.  
Investigations related specifically to flutriafol rates and the effectiveness of an application of Jockey® 
(ai fluquinconazole; @ 3 L/t seed) on wheat cv. Calingiri.  However, given the low level of disease 
present and the low likelihood of stripe rust being an issue, foliar fungicide was not applied across the 
site.  This resulted in a randomised block with plots being about 300 m in length and replicated 3 
times. 
Disease ratings were conducted on 5 September 2005 for the F-2 leaf and on 2 October for the F-1 
leaf.  Leaf samples were submitted for diagnostic analysis in September.  Plot yields and resultant 
grain quality were recorded.  Statistical analysis was performed using Genstat V7.  A separate 
regression analysis was conducted on the flutriafol treatments. 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
82 
RESULTS 
2004 
Heavy rain after seeding caused some seed burst and this has been taken into account for when the 
final analysis was done.  The application of fungicides at seeding did not have any visual effect on 
plant density or tiller number.  Neither were there any significant effects on the level of disease 
affecting the crop as determined from the first set of visual disease ratings.  Leaf disease was 
observed to be generally greater where no seeding fungicide had been applied but this was not 
significant (p < 0.05).  A small amount of stripe rust was observed at the site late in the season. 
Similar trends in the reduction of leaf disease were observed in the 2004 results as seen in 2003 for 
the same treatments (Table 1).  These were not as dramatic in 2004.  This may be because leaf 
disease was more prevalent in 2004. 
Table 1. Leaf disease ratings as visual estimates of disease cover of the leaf (%) after the application 
of the foliar fungicide (at Z 37) and harvest yield (kg/ha) and grain quality attributes resulting 
from the fungicide treatments applied in 2004 
Treatment 
Sowing Foliar 
Flag-3 leaf 
% 
Flag leaf 
% 
Yield  
(kg/ha) 
Protein  
% 
Grain  
weight* 
(kg/hl) 
Screenings  
% 
Nil Nil 12.7 2.22 1703 11.0 76.4 5.8 
Flutriafol  Nil 7.8 3.27 1745 11.3 76.8 4.7 
Triadimefon Nil 12.5 2.22 1733 10.9 76.5 6.2 
Nil Tilt 27.4 1.83 1933 11.2 78.7 3.1 
Flutriafol Tilt 21.1 2.27 2023 11.3 79.5 3.6 
Triadimefon Tilt 16.5 2.50 1915 11.3 79.4 3.5 
lsd (p < 0.05) 16.4  1.12 590 0.5 N/A 4.7 
* Some missing data points, descriptive of what was reported. 
It was discovered that the flutriafol applications at seeding did produce significant (p < 0.05) yield 
increases at harvest though it does not look evident in association with the foliar treatment (Table 1).  
An lsd (5%) = 65 kg/ha was found for the seed treatments alone.  Foliar application of fungicide later in 
the season also indicated a benefit.  Grain protein increased by 0.2% where propiconazole had been 
applied, screenings reduced by 2.2% and grain weight was also improved. 
2005 
Disease diagnosis indicated there to be low levels of yellow spot evident at the site on nil treatments in 
early September.  Leaf disease incidence was significantly (p < 0.05) reduced with the application of 
the fungicides for the F-2 ratings scored in September but this was not translated for the F-1 ratings as 
clearly a month later.  Disease incidence was markedly reduced with the application of fluquinconazole 
and the higher rates of flutriafol (Table 2). 
Table 2. Leaf disease ratings as visual estimates of disease cover of the leaf (%) and harvest yield 
(kg/ha) and grain quality attributes resulting from the fungicide treatments applied at seeding 
in 2005 
Treatment 
mL/ha 
Flag-2 
leaf 
(%) 
Flag-1 
leaf 
(%) 
Yield 
(kg/ha) 
Protein 
(%) 
Grain  
weight 
(kg/hl) 
Screenings 
(%) 
Nil 2.28 3.36 2820 9.5 82.5 1.3 
Flutriafol 250 1.80 3.84 2940 9.6 82.1 1.2 
Flutriafol 400 1.32 2.69 2950 9.4 82.4 1.3 
Flutriafol 800 1.16 2.86 2990 9.5 82.4 1.3 
Fluquinaconazole 3 L 1.16 2.19 2830 9.5 81.8 1.2 
lsd (p < 0.05) 0.84 1.03 140 0.2 0.6 0.4 
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The application of flutriafol increased harvest yield considerably more than fluquinconazole but this 
was not significant (p < 0.05).  The application of any of the fungicides did not improve any of the grain 
quality measurements, compared to the nil treatment.  If the flutriafol rates are analysed separately, 
significant responses can be seen for suppression of disease on the F-2 leaf (p < 0.05) and for 
increased yield (lsd (10%) = 110 kg/ha) (Figure 1).  Regression analysis does not show any significant 
(p < 0.05) effects of application or rate influences on the other measures outlined in Table 2. 
a)  
F-2 leaf disease rating reponse to applied fungicide.
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Figure 1. Response of a) leaf disease on the F-2 leaf; and  b) grain yield to increasing rates of flutriafol 
fungicide applied ‘in furrow’ at sowing. 
CONCLUSION 
2004 
The results show that using a fungicide at seeding produces more grain at the end of the season.  
Given the crop yields were moderate and generally less than 2.0 t/ha, this yield increase was small at 
around 3.6%, similar to that in 2003. 
The results show significant (p < 0.05), though small, yield improvements to be attributed to fungicides 
applied at seeding.  Flutriafol improved yields by 66 kg/ha on average.  The highest yielding treatment 
(flutriafol + Propiconazole) was 320 kg/ha greater than the nil.  This equated to about $67.20 (the then 
port equivalent in 2004) which more than covered the cost of fungicide applications (about $25.00). 
Overall, the plots that had flutriafol applied also gave the greatest grain yield than the plots that had no 
fungicide at seeding.  This was followed by those plots with triadimefon which were only just above the 
nil on average, overall. 
Contrary to 2003, applying the foliar fungicide was more convincing economically, especially if a 
seeding treatment has been applied.  It is clear that protein was improved by the addition of 
propiconazole.  Such treatments were possibly able to finish the season off better to deliver the higher 
proteins observed. 
2005 
Flutriafol at 250 to 400 mL/ha proved more cost effective ($11-$19/ha) in delivering a yield response 
(4.2%-4.6%) compared to fluquinconazole at a midway cost ($15/ha), even though fluquinconazole 
was observed to have less leaf disease during the season. 
KEY WORDS 
stripe rust, wheat, fungicides 
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Disease resistance update for wheat varieties in WA 
Manisha Shankar, John Majewski, Donna Foster, Hossein Golzar, Jamie 
Piotrowski, Nicole Harry and Rob Loughman, Department of Agriculture, WA, 
South Perth 
KEY MESSAGES 
• The start to the 2005 season after a long dry summer was unfavourable for carryover of rust 
diseases through green bridge and consequently rust occurrence in 2005 was around 6 weeks 
later than 2004. 
• Delay in the first appearance and early build up of rust significantly reduced the need for sprays 
to control rusts. 
• Regrowth of volunteer wheat after significant rainfall in late March in some areas of the 
wheatbelt provided an opportunity for rust establishment and range of localities found with stripe 
rust infection in September was consistent with this late but widespread abundance of volunteer 
cereals. 
• Following testing on WA rust samples at the Australian Cereal Rust Control Program, Sydney, 
there have been no reports of any new pathotypes of stripe, stem or leaf rust in 2005. 
DISEASE OCCURRENCE IN WA IN 2005 
Wheat stripe rust – Puccinia striiformis f.sp. tritici 
The first appearance of stripe rust was in late August (compared to early July in 2004).  It was reported 
in a crop of Brookton (very susceptible) near Milling in the north central wheatbelt.  It was also 
detected in a Department of Agriculture trial at Manjimup.  New outbreaks of stripe rust were reported 
from widespread localities by second week of September, including Wongan Hills, Calingiri, New 
Norcia, Yerecoin, Goomalling, Corrigin and Tincurrin.  The range of localities with stripe rust infection 
was consistent with the late but widespread abundance of volunteer cereals present since early April.  
Stripe rust was widespread by end of September with reports from Burracoppin, Bruce Rock, Kulin, 
Narrogin, Brookton and Esperance.  It was quite prevalent in the central agricultural districts by 
mid-October.  However due to late arrival only a small percentage of farmers were concerned about 
spraying.  Mild to cool weather conditions and rainfall during October continued to provide 
opportunities for stripe rust to persist throughout the wheatbelt.  Nevertheless, due to the late start of 
stripe rust infection and the proactive control by farmers on susceptible varieties the disease did not 
gain the momentum it achieved in 2004. 
Wheat stem rust – Puccinia graminis f.sp. tritici 
The first stem rust reports for the 2005 season were from Kondut and Pindar in the third week of 
September (as compared to second week of July in 2004).  At Kondut stem rust was found in a 
paddock of Calingiri (susceptible).  At Pindar stem rust was found in an irrigated wheat trial which was 
at the grain filling stage.  A few occurrences of stem rust were reported in the Northern cropping 
regions in late October. 
Wheat leaf rust – Puccinia triticina 
There were very few reports of leaf rust occurrences throughout the season and levels of infection 
remained significantly low.  It was first reported in the third week of August (compared to 1st week of 
July in 2004) on a crop of Eradu (susceptible) growing near Brookton.  Low levels were found in 
September in crops of Arrino (susceptible) near Watheroo, Calingiri and Cadoux.  Some leaf rust was 
reported on a crop of Frame (intermediate) at Munglinup in mid-October.  A few occurrences were 
reported in the Northern cropping regions in late October. 
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Wheat leaf spot diseases 
Leaf spot diseases yellow spot and septoria nodorum were an early problem for many growers in the 
Northern agricultural region this year with the earlier rains providing ideal conditions for the diseases.  
However, progress of these diseases slowed markedly during dry conditions in July and generally did 
not rebuild to high levels. 
Updated response of wheat varieties to leaf diseases is presented in Table 1 on the next page. 
KEY WORDS 
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Table 1. Resistance of wheat varieties – updated February 2006 
1-9 scale: 1 = Extremely susceptible 4 = Moderately susceptible 7 = Resistant 
 2 = Very susceptible 5 = Intermediate 8 = Highly resistant 
 3 = Susceptible 6 = Moderately resistant 9 = Immune 
Variety Septoria Septoria Yellow Stem Stripe Leaf  Powdery Flag  
 nodorum tritici spot rust rust rust mildew smut 
 blotch blotch 
Annuello A 4p 5 4 7 6 7 6p - 
Arrino 4 4 4 3 3 3 5 3 
Blade 5 3 4 7 6 5 5 7 
Brookton 4 3 7 7 2 4 2 3 
Bullaring A 5 6 4 7 5p 7* 3 7p 
Cadoux 4 3 3 3 3 4 5 3 
Calingiri 4 4 4 3 4 6 4 7 
Camm A 4 3 3 3 7* 3 3 7 
Carnamah A 5 3 5 7 4 5 3 4 
Cascades 5 6 6 5 3 3 3 5 
Clearfield JNZ A 4 6 4 8 5 8* 5 - 
Clearfield STL A 4 3 3 7 4 3 4 - 
Corrigin 3 6 3 2 3 2 3 6 
Cunderdin 5 3 6 3/7 3 7 3 7 
Datatine 4 4 4 7 4 7 4 7 
EGA 2248 A 4 3 3 6 4 3 3 4p 
EGA Blanco A 6 4 5 6 4 5 2 3p 
EGA Bonnie Rock A 5 3  5 4 3 7 3 2p 
EGA Castle Rock A 4 5 4 8 5 8* 4 4p 
EGA Eagle Rock A 4 4 4 8 5 7* 5 - 
EGA Jitarning A 4 3 4 7 4 7 4 7p 
Eradu 3 3 3 6 3 3 5 3 
Frame 5 3 3 7 5 5 5 7 
GBA Ruby A 6p 3 6 6 7 5 3 - 
GBA Sapphire A 5p 4 3 7 6 8* 4p - 
GBA Shenton A 5p 3 5 3 7 7 3 - 
Halberd 2 3 2 3 5 6 4 6 
Harrismith A 3 6 3 7 2 7* 3 7 
H45 A 4 2p 5 8/5 2 7 3 - 
H46 A 4p 2p 5p 7p 7p 7p 3p - 
Janz 4 6 3 7 6 8* 4 6 
Kalannie  3 3 2 3 4 3 3 6 
Kamillaroi A (durum)  3 6 5 7 7 7p 6 - 
Machete 4 3 3 7 4 4 4 3 
Mitre A 3 4 4 7 5 8* 4 - 
Nyabing  4 5 4 7 2 7* 3 3 
Perenjori  5 4 5 6 5 5 4 7 
Spear 4 4 3 3/7 4 3 3 6 
Stiletto  4 4 3 6 4 3 4 3 
Sunco 4 3 4 8 6 8* 6 5 
Tamaroi A (durum)  4 6 6 7 6 6 5 7 
Tammarin Rock A  4 3 3 4 5-6p 5 4 7p 
Tincurrin 3 3 3 2 3 2 3 4 
Westonia  4 3 5 2 2 4 3 4 
Wilgoyne 3 3 3 7 7 5 5 8 
Wollaroi A (durum)  4 6 6 7 6 7 5 - 
Wyalkatchem A 5 3 6 3/6 5 7 2 3 
Yallaroi A (durum)  4 6 6 7 7 7p 6 - 
Yitpi A 4 4 3 3 6 5 6 - 
No score (-) means no rating is currently available. 
p Provisional assessment. 
/ Scores separated by a ‘/’ indicate the response to the currently predominant and alternate strains of stem rust existing in 
WA. 
- Sores separated by a ‘-’ indicate range observed under different disease pressures and different environments. 
* Some races in Eastern States can attack these varieties. 
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Effect of time of stripe rust inoculum arrival on 
variety response in wheat 
Manisha Shankar, John Majewski and Rob Loughman, Department of Agriculture, 
WA, South Perth 
KEY MESSAGES 
Early exposure to stripe rust (7 weeks after sowing (WAS)) resulted in rapid disease development in 
susceptible and moderately susceptible varieties but had no effect on a resistant variety. 
Disease progress was significantly reduced in all varieties when exposure to stripe rust was delayed 
by two weeks (9 WAS) with intermediate and moderately susceptible varieties showing significantly 
less disease than susceptible varieties.   
Varieties with adult plant resistance (i.e. partial resistance) appeared more resistant with late exposure 
to stripe rust (11 WAS). 
Head infection with stripe rust mirrored the susceptibility to leaf infection and varieties with partial 
resistance developed significantly less head infection when exposure to stripe rust was delayed by two 
weeks.  
Prevention of early exposure to stripe rust (e.g. green bridge management and seeding fungicide) will 
enhance disease control and reduce yield impact in fully susceptible varieties and is also valuable for 
varieties with adult plant resistance. 
AIM 
To determine the effect of time of inoculum arrival on development of stripe rust in wheat cultivars 
differing in resistance. 
BACKGROUND 
Wheat stripe rust (caused by Puccinia striiformis f.sp. tritici), has the potential to cause major yield 
losses in many wheat cultivars grown in WA.  Strategies for stripe rust management vary with varietal 
susceptibility and risk of early infection.  A better understanding of the interaction of these factors is 
required.  The aim of this experiment was to determine the effect of time of disease onset on stripe 
rust development on wheat genotypes varying in resistance and to provide strategies for better 
disease management in the future. 
METHOD 
Six wheat varieties ranging in levels of resistance to stripe rust but similar in time of heading were 
used in this study: EGA Bonnie Rock and H45 (susceptible), Carnamah (moderately susceptible), 
EGA Castle Rock, Wyalkatchem (intermediate) and Mira (resistant).  The experiment was sown as a 
randomised split-plot design with four replications at Medina Research Station on 12 May 2005.  The 
sub-plots constituted the varieties each sown in four 2 m long rows spaced 22 cm apart and 
surrounded by four rows of barley buffer.  Seeding rate was 2 g/m.  Main plots comprised four times of 
inoculation: 
• Early:  (7 WAS (weeks after sowing)). 
• Mid:  (9 WAS). 
• Late:  (11 WAS). 
• Nil:  Uninoculated and Folicur fungicide treated (1 mL/L) on 9, 12 and 15 WAS. 
Severity of stripe rust was assessed on upper canopy leaves from all tillers in one central row.  
Measurements were made six weeks after inoculation and then at fortnightly intervals till maximum 
disease had reached flag leaves of very susceptible varieties.  Severity of head infection was  
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measured at the same time as the 3rd measurement on leaves and then at fortnightly intervals.  The 
two central rows were hand harvested at maturity and grain yields determined. 
RESULTS 
Leaf infection 
When inoculated 7 WAS disease was well established 13 WAS (11 August) in most varieties as 
compared to almost no disease with mid and late inoculations (Figure 1a).  In these circumstances 
disease progressed rapidly in EGA Bonnie Rock, H45 and Carnamah showing very high disease 
severity 15 WAS (25 August).  Wyalkatchem and EGA Castle Rock exhibited moderate and low levels 
of disease at this stage respectively.  Variety Mira exhibited resistance at all stages of development 
and little disease under all inoculum timings. 
When inoculated 9 WAS reduction in disease severity was reflected in all varieties but infection in EGA 
Bonnie Rock and H45 exceeded that of Carnamah and Wyalkatchem which exhibited moderate stripe 
rust development.  EGA Castle Rock and Mira developed least infection. 
When inoculated 11 WAS, disease development was again slower with Wyalkatchem, EGA Castle 
Rock and Mira being distinguished from EGA Bonnie Rock, H45 and Carnamah.  
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Figure 1. Effect of time of stripe rust inoculation on progress of a) leaf infection and b) head infection in 
wheat varieties.  Bars denote lsd (p < 0.05). 
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Head infection 
When exposed to early infection, H45 developed severe head infection 15 WAS compared to other 
varieties (Figure 1b).  However, infection also progressed rapidly in other varieties, particularly EGA 
Bonnie Rock and Wyalkatchem.  Mira exhibited head and leaf resistance. 
With mid inoculation head infection of EGA Bonnie Rock was significantly less than H45 while that of 
Carnamah, Wyalkatchem and EGA Castle Rock was significantly less than EGA Bonnie Rock. 
Late inoculation resulted in significantly lower levels of head infection in all varieties with EGA Bonnie 
Rock, H45 and Carnamah most severely affected. 
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Figure 2. Effect of time of stripe rust inoculation on grain yield in wheat varieties.  Bar denotes lsd 
(p < 0.05). 
Grain yield response 
Grain yields were significantly affected in all varieties with stripe rust inoculation compared to the 
fungicide protected plots (Figure 2).  Grain yields were most affected with exposure to early infection.  
EGA Bonnie Rock, H45 and Carnamah showed the greatest yield impact from stripe rust. 
Some occurrence of powdery mildew may have also contributed to fungicide treatment effects. 
CONCLUSIONS 
Early exposure to stripe rust (7 WAS) can result in rapid disease development reaching damaging 
levels in susceptible to intermediate varieties.  A two week delay (9 WAS) reduced disease 
development especially in moderately susceptible and intermediate varieties.  Late onset of stripe rust 
can result in low levels of disease but subsequent control can benefit moderately susceptible to 
susceptible varieties in particular. 
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epidemic onset and development, partial resistance, adult plant resistance 
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Fungicide seed dressing management of loose smut 
in Baudin barley 
Geoff Thomas1 and Kith Jayasena2, Department of Agriculture, WA, South Perth1 
and Albany2 
KEY MESSAGES 
• Fungicide seed dressings can reduce loose smut transmission in Baudin barley, however 
eradication is not guaranteed. 
• Not all seed dressing fungicides are equally effective and the in-furrow fungicide assessed in 
these trials was ineffective. 
• Loose smut is more severe in wetter environments and is therefore more likely to be a 
significant disease issue for growers in southern regions. 
• To reduce the ongoing impact of loose smut on Baudin crops, it is essential that effective 
application of appropriate fungicides is carried out and that where possible seed with the lowest 
possible exposure to infection is used. 
AIMS 
In 2004 loose smut was widely seen in Baudin barley crops on the south coast.  Grower concern was 
expressed regarding the susceptibility of Baudin and the efficacy of seed dressing fungicides for the 
management of loose smut in this variety.  Three trials were carried out in 2005 to evaluate the 
efficacy of fungicides for control of loose smut in Baudin. 
METHOD 
Three trial sites were set up at Department of Agriculture Research Stations at Avondale, Mt Barker 
and Gibson.  Seed harvested from a loose smut infected 2004 Baudin barley crop from the Esperance 
region was used in all trials.  Seed for Avondale was treated separately from Mt Barker and Esperance 
seed.  All trials were randomised block designs with four replicates. Assessments were made at each 
site of seedling emergence, tiller counts, loose smut incidence and grain yield. 
RESULTS 
There were no significant effects of seeding fungicide on emergence at any site.  There was no 
evidence of fungicide treatment affecting plant vigour or on plant density or tiller numbers, measured 
at head emergence. 
Loose smut infection levels were relatively low, maximum infection averaged 0.4% at Avondale.  
Fungicide treatments varied in their efficacy against loose smut infection.  Baytan, Real and Raxil 
significantly reduced loose smut incidence at all sites, however the efficacy differed between sites.  
Jockey was equally effective at Avondale, however was only marginally effective at Mt Barker and 
ineffective at Gibson.  This difference may be related to either site influences or to differences in seed 
treatment as seed for Avondale was treated separately from seed for Mt Barker and Gibson.  Dividend 
was ineffective at Avondale and Gibson and marginally effective at Mt Barker.  Treatment of fertiliser 
with Triadimefon In-furrow was completely ineffective at all sites and did not reduce incidence of loose 
smut.  No treatment completely eradicated transmission of loose smut at all sites (Table 1). 
Powdery mildew infection occurred in the Gibson trial.  Ten weeks after sowing all treatments reduced 
powdery mildew severity. Dividend, Raxil and Triadimefon in-furrow reduced severity from 25% leaf 
area affected in untreated plots to 15-18% and Baytan, Raxil and Jockey to 0.1-1%.  By 16 weeks 
after sowing severity was 33-40% leaf area affected in all treatments except Jockey (23%). 
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There were no treatment effects on yield at Mt Barker (3.9-4.2 t/ha) or Avondale (2.6-2.8 t/ha).  At 
Gibson (4.1-4.5 t/ha) the Baytan treatment had significantly higher yield (4.5 t/ha) than untreated 
(4.2 t/ha), although this does not appear related to loose smut control, possibly a combination of 
powdery mildew and other factors. 
Table 1. Effect of seed dressing and in-furrow fungicides on loose smut incidence in Baudin barley at 
Avondale, Mount Barker and Gibson, 2005.  Means of raw data presented, angular 
transformation used for statistical analysis presented in parenthesis, treatments with same 
letter are not significantly different 
Treatments 
Incidence infected heads 
(% heads infected)* 
Avondale Mount Barker Gibson 
1.  Untreated seed 0.39  (3.5)a 0.15 (2.2)a 0.06 (1.3)c 
2.  Dividend 100-130 mL/100 kg seed 0.30  (3.0)ab 0.08 (1.5)b 0.10 (1.8)b 
3.  Jockey 450 mL/100 kg seed 0.13  (1.9)c 0.08 (1.5)b 0.09 (1.7)a 
4.  Baytan 150 mL/100 kg seed 0.15  (2.2)bc 0.00 (0.0)e 0.01 (0.5)d 
5.  Real 150 mL/100 kg seed 0.10  (1.7)c 0.01 (0.2)d 0.00 (0.2)e 
6.  Raxil 100 mL/100 kg seed 0.07  (1.4)c 0.01 (0.4)c 0.02 (0.6)d 
7.  Triadimefon 500WP @ 200 g/ha in-furrow 0.42  (3.7)a 0.17 (2.2)a 0.13 (1.9)a 
p < 0.001 < 0.001 0.007 
lsd (0.9) (0.1) (0.1) 
* Means of raw data presented, angular transformation used for statistical analysis presented in parenthesis. 
CONCLUSION 
Some seed dressing fungicides can significantly reduce loose smut infection in Baudin barley.  
Differences in treatment efficacy between locations and between seed treatment applications did 
occur.  Previous loose smut research carried out in Western Australia concluded that fungicides could 
effectively reduce disease but that responses varied between active ingredients and location.  The 
results from current trials support these conclusions. 
Baytan, Raxil and Real significantly reduced loose smut incidence at all sites (60-100%).  Dividend 
seed dressing did not give significant reduction of loose smut.  Results for Jockey were varied 
between sites. In-furrow fungicides are not registered for management of smut and bunt diseases.  
The results from this trial indicate that Triadimefon in-furrow was completely ineffective. 
Even with the relatively low levels of infection that occurred in these trials, eradication of disease was 
not common.  Loose smut seed infection levels can vary greatly, infection as high as 32% has been 
recorded in Western Australia (1985) and infection levels of 5-10% can occur more commonly.  With 
seed infection levels at this rate, application of seed dressing fungicide that is 60-90% effective will still 
leave significant levels of loose smut infection visible in crops. 
Grower observations indicate that Baudin is susceptible to loose smut infection and that with 
conducive conditions in south coastal areas it has the potential for high levels of infection.  To reduce 
the ongoing impact of loose smut on Baudin crops, it is therefore essential that effective application of 
appropriate fungicides is carried out and that where possible seed with the lowest possible exposure 
to infection is used. 
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How to avoid insect contaminants in cereal grain at 
harvest 
Svetlana Micic, Paul Matson and Tony Dore, Department of Agriculture, WA, 
Albany 
KEY MESSAGES 
• Spraying insecticides under swaths does not reduce the number of vagrant insects found in 
grain at harvest. 
• Direct harvesting and using a grain dryer is the most cost effective way to reduce vagrant 
insects in grain. 
BACKGROUND 
Insect contamination of barley, especially by bronzed field beetle, has led to complaints by customers 
of Western Australian grain.  Insect contaminants do not cause any injury to the grain and are 
commonly known as vagrant insects.  There is a need to ensure high quality grain is exported, so 
grain receival points will only accept grain that has a maximum of 20 insects per half litre sample.  If 
this limit is exceeded growers, must arrange for their grain to be cleaned.  The cleaning is an expense 
that is picked up directly by the grower. 
Insect contamination of cereal grain has increased with the adoption of minimum tillage practices and 
stubble retention.  Cereals are frequently swathed in the high rainfall areas to enable increased and 
uniform ripening time of the grain prior to harvest.  Alternatively, grain is direct harvested and may 
need to be dried to the receival standard.  
Consequently, to minimise the number of insects contaminating grain, some growers are using 
insecticide sprays under swaths to decrease insect populations.  This is an unregistered practice that 
may lead to chemical residues being present in the grain. 
AIMS 
• To determine the efficacy of insecticidal treatments on controlling vagrant insects. 
• To conduct a cost analysis to determine the most effective treatment to decrease vagrant 
insects. 
METHOD 
Unsprayed commercial sized swaths were compared with swaths, which received bifenthrin 
(100 gai/L) or alpha-cypermethrin (100 gai/L) at 200 mL/ha to the underside.  The insecticides were 
applied using a modified swather or by moving the swaths onto sprayed ground with motorised hay 
rakes within 5 minutes of insecticide application. 
Experiments were conducted at Mount Barker and Esperance Downs Research Stations.  In each 
experiment there were four replications in a randomised complete block design and analysis of 
variance (ANOVA) was completed using GenStat.  Each treatment was 25 m wide and 50 m long. 
Vagrant insects were sampled weekly in the month prior to harvest for both experiments at both sites.  
Vagrant insects sampled include:  bronzed field beetle (Adelium brevicorne), vegetable beetle 
(Gonocephalum spp.), desiantha weevil (Desiantha diversipes), grasshoppers (various species), bugs 
(various species, Suborder Heteroptera), earwigs (various species, Order Dermapatera), predatory 
beetles (various species, Family Carabidae). 
At harvest grain from each treatment was collected and the number of insect contaminants counted. 
RESULTS 
Spraying may reduce bronzed field beetle numbers, but harvested grain may still need to be cleaned 
for vagrant insects.  Swaths sprayed with bifenthrin and unsprayed swaths had 40 more bronzed field 
beetles per square metre than swaths sprayed with alpha-cypermethrin.  Also grain from alpha- 
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cypermethrin sprayed swaths contained 4000 fewer insects per ton, than grain from either unsprayed 
or bifenthrin sprayed treatments.  However, regardless of the treatment, grain may still need to be 
cleaned for vagrant insects. 
Spraying under swaths does not affect all vagrant insects.  At Mount Barker, grasshoppers were the 
dominant insect contaminants of grain.  Neither bifenthrin nor alpha cypermethrin reduced the number 
of grasshoppers when compared to the unsprayed swaths. 
Spraying under swaths in not registered and may lead to chemical residues present in the grain.  If 
insecticidal residues are detected, growers may face prosecution or lose their quality assurance 
certification. 
Fewer vagrant insects are found in grain harvested from standing crops than in grain from swathed 
crops.  Previous trials have shown that grain from standing crops fewer or no insect contaminants 
whilst swathed treatments have significantly more1.  However, direct harvesting in high rainfall areas 
may lead to higher grain moisture content.  Many growers therefore, utilise a grain dryer.  If weather 
conditions at harvest are adverse then, growers may need to swath.  This may result in vagrant 
insects contaminating the grain, requiring the grain to be cleaned. 
Drying grain from a direct harvested crop is the most cost effective method to decrease the incidence 
of vagrant insects contaminating the grain.  The cost is greater to clean grain harvested from swaths 
than to direct harvest and dry grain (Table 1).  
Table 1. Data is for a 3 t/ha barley crop2 
 Direct cost (per ha) Associated risk (per ha) Total cost (per ha) 
Direct harvest $45 Grain dryers $54 $99 
Swathing + pick up harvest $69 Grain cleaners $45 $114 
CONCLUSION 
Spraying with alpha-cypermethrin may decrease bronzed field beetle populations, but often not 
sufficiently so grain harvested from swathed crops will not need to be cleaned. 
Spraying chemicals under swaths may cause chemical contamination of the grain leading to grain 
being rejected. 
Direct harvested crops contain the least vagrant insects.  Grain drying 100% of a direct harvested crop 
is more cost effective than cleaning grain from swathed crops to remove insect contaminants. 
REFERENCES 
S. Micic and P. Michael.  Insect contamination of cereal grain at harvest, 2005 Crop Updates 
proceedings. 
L. Anderton, Economist, Department of Agriculture, WA, Albany (pers. com. 2005). 
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ACKNOWLEDGMENTS 
This research was funded by GRDC.  Invaluable assistance provided by Lucy Anderton, Economist, 
Albany. 
Project No.: DAW753 
Paper reviewed by: G. Strickland 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
95 
Environment − is it as important as variety in 
sprouting tolerance? 
Thomas (Ben) Biddulph1, Dr Daryl Mares1, Dr Julie Plummer1 and Dr Tim 
Setter2, School of Plant Biology, University of Western Australia1 and Department of 
Agriculture, WA2 
KEY MESSAGES 
• Seed dormancy is the main mechanism of preharvest sprouting tolerance in wheat. 
• Terminal drought during grain filling can influence falling number and also sprouting tolerance, 
as varieties with a higher falling number at maturity also have a high falling number after rainfall. 
• Both seed dormancy and plant head characteristics can provide preharvest sprouting tolerance. 
• The real test of sprouting tolerance is the grain quality with natural rainfall after maturity.  There 
are several varieties which were able to withstand 44 mm of rain after maturity and maintain 
grain quality including EGA Eagle Rock, Clearfield STL, and Camm. 
AIMS 
Over the past three seasons this GRDC funded PhD Project has tried to identify the best method and 
location to screen for preharvest sprouting tolerance, determine how it is influenced by site and 
season variation, and evaluate whether the main mechanism of sprouting tolerance (seed dormancy) 
will give adequate preharvest sprouting tolerance in Western Australia.  
METHOD 
Western Australian wheat varieties and four breeding lines commonly used as preharvest sprouting 
standards were evaluated in Katanning (low probability of harvest rainfall) and Esperance (high 
probability of harvest rainfall) Western Australia in 2003/04, 2004/05 and 2005/06.  Seed dormancy 
was evaluated at maturity using germination tests in Petri dishes and a weighted germination index 
was calculated as in equation (1), where n = grain number germinated on that day (from day 1 to 7 
after imbibition). 
GI = (7.n1 + 6.n2 + 5.n3 + 4.n4 + 3.n5 + 2.n6 + 1.n7) / (no of test days x number of grains tested) (1) 
The final preharvest-sprouting tolerance was evaluated after exposure to natural field weathering, 
i.e. plots of varieties were allowed to become wet by natural rainfall.  Typically, samples were taken at 
maturity in early December and then after every major rainfall event until February.  The falling number 
of these grain samples was then evaluated to determine the actual preharvest sprouting tolerance due 
to seed dormancy and head characteristics. 
RESULTS 
2004/05 
It rained after maturity in Esperance but not in Katanning in 2004/05.  Falling number declined in 
Hartog, Janz, EGA Castle Rock and Cascades but not DM2001, AUS1408, Camm, Stiletto, Clearfield 
STL, EGA Eagle Rock and Sunlin when exposed to rainfall after maturity.  The dormant variety 
DM2001 had a higher falling number (FB) for longer than non-dormant varieties, Janz and Hartog 
(Figure 1 and Table 2). 
2004/05 
The dry finish to the season saw an increase in seed dormancy in all varieties.  However there was 
also limited rainfall after maturity and no significant decline in grain quality. 
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Figure 1. Falling number(s) for sprouting tolerant and intolerant varieties when grown in Esperance, 
WA, relative to daily rainfall (mm). Values are means of three observations, with lsd0.05 as the 
vertical bar.  ASW min (300s) and General Purpose min (150s) are the minimum falling number 
required for these receival standards. 
2005/06 
Two experiments were run in 2005/06 season the first tried to reproduce the results of previous 
seasons to determine if terminal drought during grain filling would induce the dormancy seen in 
2004/05 and if that dormancy would actually lead to better grain quality for longer in the field.  Drought 
stress did not significantly affect the GI however it did result in an increase in the falling number in 
most varieties (Table 1).  With rain after maturity the increase in falling number with drought was only 
significant in the partially dormant varieties QT7475 and DH 45 (Table 1).  
Table 1. Mean germination index (GI) and falling number of wheat grown at Esperance, WA, under 
drought and irrigation in 2005/06.  Drought was imposed during grain filling using rainout 
shelters; irrigation was imposed during grain filling to eliminate any natural occurring drought 
that season 
Cultivar GI Falling number 9 Dec. 2006 Falling number 9 Jan. 2006 
Sprouting tolerant standards Droughted Irrigated Droughted Irrigated 
Cunderdin 0.68 347 279 95 95 
Cascades 0.59 363 328 232 202 
QT7475 0.44 363 281 219 185 
DH 45 0.31 364 319 204 165 
DM2001 0.03 375 390 379 334 
lsd0.05 0.08    32 
There was more summer rain in Esperance in the 2005/06 season than 2003/04 (44 mm compared to 
29 mm) which lead to a greater range in falling number and better discrimination between varieties 
(Table 2).  Seed dormancy is associated with a higher falling number for longer time after exposure to 
rainfall events, however there are also varieties such as Camm, EGA Eagle Rock, Cadoux, Tamaroi, 
Spear and Clearfield STL that have a high enough falling number after 42 mm of rainfall to make ASW 
grades and a range of varieties that will make GP grades.  This occurs at least partly because these 
varieties have a high falling number in grain prior to exposure to the rainfall events. 
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Table 2. Typical germination index (GI) and falling number of wheat varieties grown at Esperance, WA, 
under rainfed conditions in 2003/04 and 2005/06 
Variety GI 
Falling 
number 
9 Jan. 2006 
Variety GI 
Falling 
number 
5 Feb. 2004 
Falling 
number 
9 Jan. 2006 
Brookton 0.75 69 Frame 0.87  270 
Datatine 0.92 69 Wyalkatchem 0.91  270 
Mitre 0.90 74 Cascades 0.86 289 273 
GBA Ruby 0.90 79 Stiletto 0.73 410 275 
Cunderdin 0.89 96 Calingiri 0.89  284 
EGA Jitarning 0.88 97 QT7475 0.55  298 
Arrino 0.74 120 Camm 0.75 359 300 
GBA Sapphire 0.90 123 EGA Eagle Rock 0.89 259 300 
EGA 2248 0.74 135 Cadoux   303 
Carnamah 0.84 138 Tamaroi 0.62  306 
Westonia 0.56 174 Spear 0.81  307 
Yitpi 0.82 174 Clearfield STL 0.80 432 387 
EGA Blanco 0.73 183 DM2001 0.35 436 390 
Perenjori 0.84 193 AUS 1408 0.20 498 390 
EGA Bonnie Rock 0.82 196 WAWHT2726   154 
EGA Castle Rock 0.84 204 WAWHT2727   157 
DH45 0.85 219 WAWHT2734   184 
Machete 0.91 232 WAWHT2750   218 
Blade  270 WAWHT2773   273 
lsd0.05 0.08 49  0.08 70 49 
CONCLUSION 
Rankings of sprouting tolerance using standard cultivars are similar to those of interstate experiments. 
When preharvest sprouting occurred, a greater seed dormancy led to a higher falling number for 
longer.  However seed dormancy is not the only mechanism of sprouting tolerance: late maturity and 
the lack of awns in EGA Eagle Rock, and partial seed dormancy in Tamaroi, Clearfield Stiletto, Camm 
and Cadoux also help.  There are a range of varieties with partial preharvest sprouting tolerance which 
should provide growers protection from some summer rainfall in all but the most sprouting prone 
areas.  These results are evidence that selection for higher seed dormancy should result in usable 
sprouting tolerance from a grower’s perspective at the paddock level. 
KEY WORDS 
pre-harvest sprouting, germination, seed dormancy, falling number and grain quality 
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Frost or fiction 
Garren Knell, Steve Curtin and Wade Longmuir, ConsultAg Pty Ltd, WA 
KEY MESSAGES 
• In many WA wheatbelt locations the incidence of frost has increased in the past 30 years. 
• Wheat plants marginal in copper appear more susceptible to frost damage than those with 
adequate supply. 
• The WA breeding and trials system favours the release of short season varieties bred for June 
sowings.  Disproportionate adoption of short season wheats means that farmers can’t capitalise 
on early sowing opportunities without severely increasing frost risk. 
• Applying high rates of nitrogen to Wyalkatchem wheat increases yield and the number of frost 
distorted grains.  
AIMS 
To discuss why frost is becoming the No. 1 peril for wheat in the WA wheatbelt, from Mullewa to 
Salmon Gums. 
METHOD 
ConsultAg have undertaken four years GRDC funded research to investigate agronomic strategies to 
minimise frost damage.  Each season we have set up at least 3 trials in the southern and south 
eastern wheatbelt in collaboration with local grower groups.  This paper contains new research from 
2005 and a summary table ranking frost minimisation strategies in order of profitability and 
effectiveness. 
RESULTS 
Are frosts more frequent than they used to be? 
Research by Nicolyn Short and Ian Foster at the Department of Agriculture, Western Australia is 
showing that in many wheatbelt locations in WA frost frequency is on the increase. 
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Figure 1. Number of days per month where minimum temperature is below 2C for Bencubbin and 
Morawa.  The data is divided into 15 year periods from 1976 to 2005 (data by N. Short and 
I. Foster). 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
99 
Examples can be seen in Figure 1, where at Bencubbin and Morawa the frequency of frost events in 
July, August and September have increased in the 15 years since 1990.  At Bencubbin the number of 
frost events in July and August and September have increased significantly (P = 0.039) when 
comparing the 15 year period 1976-1990 with 1990 to 2005.   
Other locations that have experienced similar increases in frost frequency include, Morawa, Wongan 
Hills, Dalwallinu, Narrogin, Lake Grace, Katanning, Ongerup, Lake King and Ravensthorpe.  The 
number of frost events have remained relatively static in Merredin, Beverly and Corrigin over the same 
period.  This is preliminary data and not all of the changes are statistically significant, however the 
trends are a concern. 
Is it copper deficiency − not frost? 
Recent reports in the rural press have suggested that many farmers are blaming frost for yield loss 
when it could be copper deficiency.  The symptoms of copper deficiency and frost damage are very 
similar and difficult to distinguish apart.  
At Newdegate Research Station there is a new land Copper trial that was set up in 1967.  The site has 
been in pasture/wheat rotation since clearing.  Up until 1990 the site had been cultivated and sown.  
Since 1990 the crop has been sown with direct drill and knife points were introduced in 1996.  When 
the trial was last monitored in 1996, the treatment of a single new land rate (1.38 kg) of copper was 
deficient and the plots supplied with 2.07 kg of copper were marginally deficient. 
The trial was visually assessed for frost damage and there was less frost in the plots which had 2.5 
times new land rates of copper than in the lower copper treatments (Figure 2).  This suggests that 
there is an interaction between a plants copper status and its ability to tolerate frost.  The actual grain 
yields and estimated response curve in absence of frost can be seen in Figure 2. 
In previous ConsultAg trials applied copper treatments have failed to minimise frost damage where 
copper nutrition was adequate.  ConsultAg suggest farmers undertake a tissue testing program in 
2006 and apply foliar copper where required.  This will maximise crop yield and may minimise frost 
damage.  It is very unlikely that supplying extra copper above adequate supply will provide additional 
tolerance to frost. 
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Figure 2. Plot yields of new land copper trial at Newdegate Research Station 2005. 
WA breeding system is selecting for short season frequently frosted varieties 
The methodologies of the WA wheat breeding or trials system has favoured the release of high 
yielding short season wheats at the expense of longer season varieties.  Table 1 shows the average 
sowing date of NVT wheat trials in 5 locations over the past 5 years.  For example at Newdegate the 
average sowing date was 10 June.  In that district most farmers would have begun seeding wheat on 
average a month earlier and usually finish seeding wheat in late May or early June.   
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The trend to sow trials 3-4 weeks later than district practice would increase the effects of end of 
season drought and favour shorter season varieties.  Farmers are then adopting varieties that are bred 
for late May or early June sowings and sowing these varieties in early May.  This practice significantly 
increases frost risk.  In these locations there is a void of data for early or mid May sowings, which is 
the window where most of the wheat is sown by farmers.  
Table 1. Average sowing dates for NVT trials in 5 locations 
 2000 2001 2002 2003 2004 Average 
Katanning   7 June 28 May 12 June 9 June 
Merredin 19 June 12 June 20 June 26 May 14 June 12 June 
Mullewa 16 June 31 May 22 May 19 May 3 June 30 May 
Newdegate 27 June 23 May 26 June 23 May 14 June 10 June 
Wongan Hills 17 May 21 May 9 June 20 May 2 June 26 May 
The varieties Wyalkatchem and Carnamah are the most frequently frosted varieties in the field.  This is 
primarily because they have been the most widely adopted varieties and farmers are frequently 
sowing them too early in the season.  However there appears to be some other traits of these varieties 
that makes them more susceptible to frost damage.   
Wyalkatchem and Carnamah have more plasticity in flowering time than other varieties.  This is 
because the plants development is triggered by cumulative degree days.  This characteristic enables 
the wheat to respond to the season and flower earlier or later depending on conditions.  Under 
moisture stress or a warm mild winter they will flower earlier or if there is a late rain they will flower for 
a longer window.  This characteristic increases yield in the absence of frost but can be devastating to 
yield in a frost year. 
The longer season varieties Yitpi, Stiletto and Calingiri are also widely grown in WA and frost damage 
to these varieties is mush less common.  The longer season varieties use day length to trigger ear 
emergence.  This means that the flowering time is much more predictable and this trait can assist in 
frost avoidance. 
Modern farming systems are increasing frost exposure 
The increased capacity of seeding equipment and the drive for higher yields means that farmers are 
sowing large wheat programs in a short period of time.  While in the absence of frost this ensures 
maximum yield potential it can also severely increase frost risk, especially on prone soil types and 
locations.  This is compounded by the disproportionate adoption of short season wheat varieties such 
as Wyalkatchem and Carnamah.   
Many farmers in the central wheatbelt do not have a long season wheat variety to capitalise on early 
sowing opportunities without severely increasing frost risk. 
Other characteristics of the modern cropping system that increase exposure to frost are: 
• High inputs – increase risk of damage and financial exposure. 
• High seed rates – weaker less tolerant plant and more primary tillers flowering at the same time. 
• Continual cropping where forced to sow frost prone paddocks more frequently. 
• Stubble retention – reduces heat radiation at night so less crop protection (especially on heavy 
soil). 
• No Till may be making immobile trace elements such as copper less available.  
High nitrogen rates 
Applying high rates of nitrogen increases grain yield and frost damage.  In a 2005 trial, Wyalkatchem 
wheat had significantly more frost distorted grains where high nitrogen treatments were applied late in 
the season compared to the lower nitrogen treatments (0.009% confidence, Figure 3).  The 
Wyalkatchem was sown on lupin stubble and the whole trial received 35 units of nitrogen at seeding.  
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An additional 10, 20 and 30 units of nitrogen was applied on the low, medium and high plots in a split 
application at Z31 and Z39 in the form of Flexi N. 
While care must be taken that this is only one trial in one season, we frequently see frost by nitrogen 
interactions in the field.  It is important to supply adequate nitrogen to grow a profitable crop, but if the 
paddock has a history of frost don’t target maximum yield.   
Nitrogen Treatment by Frosted Grains and Yield
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Figure 3. Grain yield, number of frost distorted grains and net profit by nitrogen treatment for 
Wyalkatchem wheat sown in 2005. 
CONCLUSION 
Frost is too often seen by the agricultural industry as a random event of which farmers have no control 
over.  While this can be the case there are a range of effective strategies that can minimise exposure 
to frost.  However careful planning and action is required to implement these strategies according the 
farmers attitude to risk and the frost risk of individual paddocks or properties. 
The plant breeding industry in Western Australia needs to put a greater emphasis on selecting longer 
season wheat varieties that enable farmers to capitalise on early sowing opportunities without 
significantly increasing frost risk. 
An agro-political climate fostering GMO research may provide some solutions in the longer term. 
If frost frequency continues to increase, what new farming systems will be needed for the wheatbelt in 
the future? 
Please refer to Table 2 for frost minimisation strategies on the next page. 
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Table 2. Frost minimisation strategies ranked in order of profitability for WA 
Strategy Description Degree C 
Major impact 
Sowing long 
season wheat 
variety 
Long season varieties such as Yitpi, Stiletto and Camm frequently avoid 
frost by flowering later in the growing season, when frost incidence is less.  
To further reduce frost risk sow these varieties in the middle or end of your 
wheat program rather than first.  
Avoidance 
Sowing barley Barley is usually 2oC more tolerant to frost than wheat and has competitive 
gross margin. 
2oC 
Sowing oats Oats are very frost tolerant (approx. 4oC more tolerant than wheat). 4oC 
Hay Growing hay on high frost risk paddocks is a good frost avoidance strategy.  
However quality hay production is also a risky enterprise. 
Avoidance 
Target yield Don’t use the high input package on frost prone paddocks.  High input 
crops on frost prone areas are frequently more severely frosted than lower 
input crops with a lower target yield.  We have demonstrated that reducing 
N, P, K and seed rates reduces risk, and returns competitive if not better 
gross margins even if only minor frost events.  
Tolerance 
Adequate nutrition Crops deficient or marginal in K and Cu are likely to be more susceptible to 
frost damage.  This may also be the case for Mo.  Supplying luxurious 
levels won’t buy any additional tolerance above adequate supply. 
1oC * 
Blending wheat We have found that blending two wheat varieties (long and short season) is 
an effective strategy for balancing frost risk with end of season drought.  
Multiple frost events that damage both varieties are rarer. 
Avoidance 
Conservative 
Nitrogen 
On high frost risk paddocks don’t push crops with high N rates.  Crops 
supplied with high nitrogen (organic or inorganic) tend to receive more frost 
damage than crops with a lower supply.  Potential for large opportunity cost 
with this strategy in the absence of frost so restrict to high risk paddocks. 
Tolerance 
Claying Claying increases soil heat bank by darkening soil colour and retaining 
moisture nearer the surface.  However, the cost of claying is prohibitive if 
claying only for frost minimisation.   
1oC 
SA DATA 
Minor impact 
Density Using a lower seed rate (35 kg/ha) on frost prone paddocks can help to 
minimise frost damage.  The plants in thinner crops appear more robust 
and able to better withstand the frost event and the extra tillers formed per 
plant spread flowering time over a greater window.  
Tolerance 
0.5oC 
Rolling There is evidence to suggest that on some soil types, rolling soil after 
seeding reduces frost damage.  This has been measured in replicated trials 
in SA and observed in a demonstration in WA. 
0.5-1oC 
SA DATA 
Remove stubble Retaining heavy stubble burdens can increase risk of frost damage by 
reducing heat radiating from soil at night resulting in colder air at head 
height.  Our research was on white sandy soil.  This is likely to be more 
beneficial on dark coloured medium to heavy textured soils. 
0.5oC 
Sow on wide rows We have found wide row sowing to be ineffective at minimising frost 
damage (e.g. 23-46 cm spacings).  Wide row crops consistently yield 10-
15% less than the standard sowings with or without frost.  In the presence 
of minor or severe frost damage the % damage remains the same for both 
treatments.    
0.2oC 
Orientation Sowing crops in a north south orientation (especially at 30 cm spacings) 
will allow more sunlight to hit the soil thus providing a greater soil heat bank 
to release at night and protect the crop.  This is unlikely to be important on 
white sandy soil but may be beneficial on dark coloured loamy textured 
soils. 
0.2oC * 
* Estimated figure, SA Data = data derived from South Australian Research. 
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High moisture wheat harvesting in Esperance 2005 
Nigel Metz, South East Premium Wheat Growers Association (SEPWA) Projects 
Coordinator, Esperance, WA 
KEY MESSAGES 
• Harvesting cereal crops earlier, and more rapidly through harvesting at higher moisture levels 
offers growers the opportunity to protect grain quality and even slightly increase yield. 
• The CBH high moisture wheat service in Esperance during the harvest of 2005 offered this 
opportunity to growers and was extremely well supported. 
• The same trial concept at Gairdner River CBH was not particularly well supported.  There was 
little pre-harvest extension work done in this region, as opposed to Esperance where the 
economic case for high moisture harvesting and the presence of the service was extensively 
promoted.  
AIMS 
• To provide growers, CBH and AWB with an understanding of the economics of high moisture 
wheat harvesting. 
• To determine grower support for delivering wheat with moisture up to 14.5%. 
METHOD 
In March 2005 CBH met with SEPWA and AWB to discuss the future of high moisture receivals in the 
Esperance port zone.  From this meeting a decision was made to trial a high moisture wheat service at 
the Esperance Chadwick site. 
The service comprised of two wheat binning lines:  APW/ASW co-mingle and an off grade to act as a 
‘catch all’ to be determined closer to harvest.  Wheat could be received up to 14.5% moisture.  Up to 
20,000 tonnes of wheat could be received into the high moisture segregations and stored under 
aeration.  Growers were required to pay CBH aeration charges and Golden Rewards moisture 
discounts to apply on an incremental basis up to 14.5% moisture. 
Previous trials of this kind had met with low grower support and were attributed to several main issues: 
• Lack of grower support because of inadequate segregations. 
• Lack of grower confidence in complying with maximum moisture standard. 
• Moisture level too low at 13.5%. 
• Poor understanding by growers of the benefits of high moisture wheat harvesting. 
CBH took responsibility of the first two issues by ensuring that the APW/ASW line would have a 
supporting catch all stack for high moisture undergrade loads as well as boosting the number of on 
farm Infratec moisture testing services.  After negotiation with the AWB Pool management, AWB 
agreed to increase the maximum allowable moisture to 14.5% to give greater leeway for harvesting 
hours of operation.  The final issue of grower understanding was undertaken by SEPWA employing 
Nigel Metz to develop and extend the economic case for higher moisture harvesting. 
The economic case for high moisture harvesting 
Research in Esperance in the early 1980s by Mike Bolland quantified the daily weight loss ranges for 
wheat (0.18 to 0.53%) and barley (0.25 to 0.75%) crops.  Some pre-harvest losses are unavoidable.  A 
crop cannot be instantly harvested.  However, by harvesting for longer periods each day via higher 
moisture deliveries a crop can be harvested sooner and these losses limited. 
The Harvest Loss Model developed by SEPWA is a computerised simulation of harvesting progress 
on the South Coast of Western Australia and quantifies these cumulative daily yield losses. 
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The model assumptions 
The model looks at two or more grain growers who each have exactly the same situations as follows: 
• Each grower has a cereal program yielding a total of 6,000 tons, starting harvest on 
1 December. 
• Each has the same delivered net value relative to that year’s price. 
• Each has a harvesting capacity of 30 tonne per hour that costs $330 per hour to run. 
• On a harvesting day they employ 2 people at $22 per hour, who must be paid for at least 8 
hours per day. 
• Each has a freight cost of $9 per ton from the paddock to CBH. 
• Each has a dry matter weight loss of 0.5% on the crop that is remaining in the paddock at the 
end of each day. 
The first scenario compares two growers that take alternative approaches to harvesting their crops. 
Grower A:  Takes the conventional approach to harvesting grain of 12.5% moisture content and 
below.  From a simplistic view they have 8 hours available each day harvesting 240 tons. 
Grower B:  Is prepared to harvest with grain moisture levels up to 14.5% and pay on average an 
additional cost of $7.50 per tonne to deliver this into the CBH high moisture aeration stack.  This 
grower has the conventional 8 hours of harvesting available as well as an additional 2 hours each 
morning and 2 hours every evening.  From a simplistic view they have 12 hours available each day 
harvesting 360 tons. 
Table 1. Summary of the models outputs for scenario 1 
 Grower A Grower B 
Tonnes harvested per day 240 360 
Date of harvest completion 24 December 16 December 
Actual tonnes harvested 5,640 5,749 
Gross value at $152/ton (estimated wheat 2005/06 
value) 
$857,263 $873,791 
Less; Harvesting, cartage and labour costs 
Aeration cost $7.50 / ton 
$121,248 
$0 
$123,422 
$14,400 
Net return to grower $736,015 $735,969 
Difference in value + $46  
The result of this comparison is that the additional costs incurred by Grower B for delivery into an 
aeration stack are paid for by the yield benefit of earlier harvest.  Also by completing harvest 8 days 
sooner they have reduced their quality down grading risks later in the season. 
What about quality downgrades? 
Grain quality from weather damage has long been an issue for grain production on the south coast.  
The best possible means for growers to limit or avoid quality downgrading is by harvesting as early as 
possible.  During the recent harvest of 2003-04 weather and moisture levels slowed harvest with 
catastrophic consequences for grain quality.  A second scenario was compared using the weather 
data from Mulglinup area during this harvest to make daily harvest hour predictions, along with 
delivery statistics and closed pool prices for model assumptions.  In this scenario there are three 
growers: 
Grower A:  Takes the conventional approach to harvesting and harvests grain of 12.5% moisture 
content and below. 
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Grower B:  Is prepared to harvest with grain moisture levels up to 14.5% and pay on average an 
additional cost of $7.50 per ton to deliver this into an aeration stack. 
Grower C:  Harvests at all possible opportunities up to 17.5% moisture content.  Grain below 12.5% is 
delivered as standard, grain between 12.5 and 14.5% is delivered into aeration at a cost of $7.50 per 
tonne and grain harvested between 14.5 and 17% moisture is dried at a cost of $19.30 per ton. 
Table 2. Summary of the models outputs for scenario 2 (2003/04 Harvest at Munglinup) 
 Grower A Grower B Grower C 
Date of harvest completion 4 January 27 December 17 December 
Actual tonnes harvested 5,485 5,642 5,732 
Gross Value at $187/ ton $1,025,706 $1,055,070 $1,071,874 
Less; Harvest, cartage and labour costs 
Aeration cost $7.50 / ton 
Drying costs $19.30 / ton 
120,043 $121,820 
$16,425 
$123,088 
$16,425 
$23,739 
Ton downgraded – post 18 Dec. 3,145 1,112 0 
Downgrade value loss @ $15 / ton  $47,175 $16,681 0 
Net return to grower $858,487 $900,144 $908,621 
Difference in value  + $41,657 + $50,134 
This scenario of the model demonstrates that in the case of downgrading due to bad weather the net 
returns of a crop can be significantly increased by the adoption of higher moisture harvesting. 
Extension program 
The findings of the economic model were extended to growers thought the SEPWA Spring Field day 
circuit, of some five separate events.  The Esperance Express, Farm Weekly, Countryman, ABC radio 
and SMS messaging were all used to promote the concept to growers as well as the opportunity to 
use CBH high moisture facilities.  Growers were informed of the relative costs to use the facilities and 
the potential benefits of earlier harvest as outlined by the Harvest Loss Model. 
RESULTS 
The initial opening of the high moisture service was slow as growers concentrated on their barley 
programs.  Many of the earlier loads were just over the traditional 12.5% moisture content.  However 
on the week ending 25 November many growers completed their barley programs and moved into 
wheat.  In the following seven days the facility went from 2,700 ton to full capacity of just under 20,000 
tons.  During the period between 26/11/05 and 1/12/05 the facility received on average 2,722 tons 
each day (Figure 1).  Over these six days the high moisture facility accounted for 36% of all wheat 
delivered to Esperance town receival points. 
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Figure 1. Cumulative delivery to Esperance high moisture wheat receivals. 
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Weather conditions 
Figure 2 shows the daily maximum temperatures at Esperance Downs Research Station, 37 km north 
of Esperance.  The conditions experienced were typical for Esperance for this time of the year, with 
temperatures in the mid to high 20s along with some small rainfall events. 
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Figure 2. Weather conditions at Esperance Downs Research Station (37 km North of Esperance). 
Actual grain moisture levels 
Growers had the ability to deliver grain moisture up to 14.5%.  Figure 3 shows that the majority of the 
grain delivered into the facility was between 12.6 and 13.5% moisture.  The average moisture of grain 
delivered to this facility was 13.2%.  Under the CBH incremental aeration charges and AWB golden 
rewards the average cost to growers using the facility was $8.85/ton.  At $156/ton silo return the 
weight gained by an additional one percent moisture represents a value of $1.78.  Hence the average 
net cost to a grower for using the facility was $7.07. 
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Figure 3. Moisture content of grain delivered to Esperance high moisture wheat facility in 2005. 
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Deliveries by grade 
The majority of wheat delivered into the facility was ASW grade.  Together with APW this made up 
79% of the high moisture wheat delivered.  The remaining 21% of deliveries were AGP grade.  The 
AGP service was designed as a catchall grade for loads that did not make the ASW/APW grade.  The 
fact that over one fifth of deliveries were AGP indicates that the catchall concept is extremely 
important for growers to have the confidence to use high moisture facilities. 
CONCLUSION 
The results of the high moisture program at Esperance during the 2005 harvest clearly indicate that 
growers are willing harvest at higher moisture levels to complete harvest at an earlier date despite 
additional charges.  The strong adoption of the wheat high moisture service indicates that the 
extension program relating to harvest losses and quality down grades significantly raised awareness.  
Consultation with growers also ensured they were offered a high moisture delivery service that met 
their requirements.  Although the weather conditions during harvest were cool, there were no 
significant rainfall events.  This indicates that there could be even greater potential for adoption of the 
concept in the Esperance port zone in a wetter harvest.  A similar high moisture facility at Gairdner 
River in the Albany port zone was very poorly supported.  Feedback suggests that the absence of pre-
harvest extension of the economic case for high moisture harvesting as well as details of the service 
was one of the reasons for low grower support in the area. 
KEY WORDS 
grain moisture, wheat, harvesting, SEPWA. 
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Hardpan penetration ability of wheat roots 
Tina Botwright Acuña and Len Wade, School of Plant Biology, University of 
Western Australia, WA 
KEY MESSAGES 
A method for evaluating hardpan and drought effects on root growth of wheat was validated, and 
showed genetic diversity.  The wax-layer technique requires confirmation for wheat in the field (in 
progress), but the technique offers promise for screening breeding lines for hardpan penetration 
ability. 
AIMS 
This project, funded through the new GRDC initiative ‘Root Systems for Australian Soils’, builds on 
current and past research undertaken in WA that has described the pattern of root growth of annual 
crops in a range of field soils with chemical and/or physical barriers to growth, including hard soils and 
drought.  It is not known whether genetic diversity exists for root growth in soils containing a hardpan 
among the currently-available wheat cultivars and breeding lines.  Genotypic variation in root 
penetration ability has been reported in other cereals (Yu et al. 1995; Kubo et al. 2004), and validated 
in our own research, using a pot technique where a thin disc of wax and petroleum jelly is placed in a 
soil column to simulate a hardpan (Botwright Acuna and Wade 2005).  Partitioning of the soil column 
by the wax layer makes it possible to examine the interaction between hardpan strength and soil 
moisture stress.  Our pot experiments have revealed differences in root penetration ability under 
drought among 24 wheat cultivars and breeding lines.  These results are compared with observations 
on their rooting depths in two contrasting soil types in field experiments undertaken in Merredin.  This 
technique will have application in identifying promising lines for wheat breeding programs and in the 
interpretation of field performance of wheat grown in soils containing a hardpan. 
METHOD 
Wheat cultivars 
A range of predominately Western Australian wheat cultivars (24) have been selected for initial 
screening of root penetration ability using our pot technique in a controlled environment (Table 1).  
Root depth of these cultivars will be confirmed in field trials at sites that contrast in soil physical 
properties and climate. 
Measurement of root penetration ability in pots 
Plants were grown in PVC pots split in half length ways for easy access to roots.  Plants were grown in 
controlled conditions with a 20/15C day/night temperature, with a 10 h day length and 70% relative 
humidity.  Here we report on an experiment where four impedance treatments (20:80, 40:60, 60:40 or 
80:20 ratio of paraffin wax:  petroleum jelly, 3 mm thick; equivalent to 0.03, 1.00, 1.70 and 2.50 MPa, 
respectively) were placed at a depth of 0.24 m in the soil (Karrakatta sand) column in pots (0.10 m 
diameter x 0.50 m tall).  Four water regimes were applied in a 5 x 2 factorial, with three replications.  
Soil columns were well-watered until 14 days after sowing (DAS), when four contrasting water regimes 
were applied:  WW) well-watered above and below the wax-layer; DS/WW) drought stress above and 
well-watered below the wax-layer; WW/DS) well-watered above and drought stress below the 
wax-layer; and DS) drought stress above and below the wax-layer.  The numbers of seminal and 
nodal root axes were counted, and the total length of the main axes measured using a ruler in each 
section after 28 DAS.  Root dry mass was measured after drying in an oven at 70C for 24 hrs. 
Root depth in the field 
Field experiments were undertaken in 2005 at the DAWA Merredin Dryland Research Station on two 
soil types, a red clay and sandy duplex.  Seed of the 24 wheat cultivars and breeding lines were sown 
in early June 2005, in 1 m single rows with 0.5 m row spacing, and 2 replicates.  Maximum root depth  
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was measured at anthesis, by excavating roots using a soil auger.  Soil hardness was measured to a 
depth of 0.6 m using a Rimik Cone Penetrometer and soil water content measured at 0.2 m depth 
intervals. 
Table 1. List of wheat breeding lines and cultivars used in controlled environment experiments and 
field trials.  * Denotes breeding line 
Name Release date Organisation 
Ajana 1998 DAWA 
Amery 1993 DAWA 
Bonnie Rock 2002 DAWA 
Brookton 1998 DAWA 
Camm 1998 DAWA 
Carmanah 1996 DAWA 
Cascades 1994 DAWA 
Castle Rock 2003 DAWA 
Chuan Mai 18 * China 
Cranbrook 1984 DAWA 
Cunderdin 1996 DAWA 
Gamenya 1960 NSW 
Halberd 1969 SA 
Janz 1989 QDPI 
Kalannie 1996 DAWA 
Karlgarin 1999 DAWA 
Machete 1985 SA 
Perenjori 1996 DAWA 
Spear 1983 SA 
Stiletto 1993 SA 
Vigour 18 * CSIRO 
Westonia 1997 DAWA 
Wilgoyne  DAWA 
Wyalkatchem 2001 DAWA 
RESULTS 
Root penetration ability of wheat grown in pots 
Soil moisture conditions above the wax-layer had a large effect on biomass partitioning to shoots and 
roots.  Plants grown in DS/WW and DS conditions had fewer leaves and tillers, and less leaf area and 
above-ground DM, compared to WW and WW/DS (data not shown). 
Low impedance wax-layers offered little resistance to root penetration and roots were evenly 
distributed above and below the wax-layer compared with wax-layers of medium impedance (0.2 and 
0.4WV) (Figure 1a).  No roots penetrated high impedance wax-layers (0.6 and 0.8WV), which 
restricted root growth to soil above the wax-layer.  The maximum wax-layer strength that roots could 
penetrate was about 1.0 MPa, which is slightly higher than previous studies using durum wheat grown 
in pots containing wax-layers (Kubo et al. 2004), but was around half that of rice grown in pots with a 
wax-layer (Yu et al. 1995).  Soil strengths of 2.5 MPa in the hardpan zone of a loamy sand caused a 
severe reduction in root growth of wheat (Hamblin et al. 1982).  However, values of penetrometer 
resistance in the field can vary with soil water content, structure and texture and it is likely that 
resistance to root elongation is experienced at much lower soil strengths. 
Seed produced on average five seminal roots.  Seminal number, total length of the main root axes and 
DM sharply declined as wax-layer strength increased, with a strong interaction between wax-layer 
strength and depth (Figures 1a-c).  Roots growing into drying soil would similarly experience an  
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increase in soil hardness (Barley and Greacen 1967), which slows root growth and reduces the 
diameter of seminal root axes (Belford et al. 1987).  Total length of main seminal root axes and dry 
matter (DM) were accordingly smaller under drought stress compared to well-watered conditions, but 
there was no interaction between water regime and wax-layer strength (data not shown).  
Development of the seminal root system was more advanced than that of the nodal roots, which do 
not develop until tillering starts at the 2- to 3-leaf stage.  Few nodal roots reached the wax-layer as 
plants were harvested during early growth, while seminal roots had grown to the full depth of the pot 
by harvest in well-watered conditions.  Total length of main nodal root axes and DM did not, therefore, 
interact with wax-layer strength but interacted strongly with drought stress (Figures 1 d-f).  Nodal roots 
of wheat cease development under drought, as observed here where soil moisture stress halved nodal 
root appearance and growth compared to well-watered conditions.  Water uptake under drought was 
instead dependant on seminal roots. 
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Figure 1. Effect of wax-layer strength on seminal root (a) number; (b) total length of main axes; (c) dry 
matter; and water regime on nodal root (d) number; (e) total length of main axes; and (f) dry 
matter.  , Above wax-layer, 0-0.12 m; , above wax-layer, 0.12-0.24 m; and ▼, below 
wax-layer, > 0.24 m.  Bars represent the SE. 
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Rooting depth in the field 
Soil strength of the red clay increased with depth, reaching a maximum of 4 MPa at 0.6 m.  In contrast, 
soil on the duplex site contained a hardpan of 4 MPa at a depth of approximately 0.2 m.  Soil was 
approximately 3-fold drier at all depths on the sandy duplex compared with the red clay, which was 
wettest at a depth of 0.4 m.  Field trials at Merredin indicated promising and consistent differences in 
rooting depth among cultivars at the two sites (data not shown). 
Future research 
Experiments are currently underway using the pot technique to evaluate the root penetration ability of 
the 24 wheat cultivars and breeding lines listed in Table 1, grown under well-watered and drought 
stressed conditions.  This will be expanded to include DHLs and lines sourced from our collaborators 
from CSIRO Plant Industry,  The Queensland Department of Primary Industries and Fisheries and 
University of Tasmania.  Field trials will be expanded in 2006 to include additional sites.  These data 
will determine whether grain yield and yield components of wheat depend on deep rooting and vertical 
distribution of roots during periods of water shortage.  In the future, data from glasshouse and field 
studies will be used to develop and validate an algorithm for root elongation versus soil strength, with 
and without drought stress.  The simulation model will then be used to evaluate the effect of beneficial 
root traits on crop performance under hardpans and drought. 
CONCLUSION 
Our research has demonstrated the promise of the wax-layer technique for studies of hardpan 
penetration ability in wheat and its interaction with drought and other stresses.  Further research is 
needed, however, to validate the response in the field.  While there is evidence of soil water being 
available below a hardpan in field environments, it remains to be demonstrated whether deep roots 
reliant on soil water below the hardpan alone are fully effective in extracting soil water and maintaining 
transpiration.  Further research is needed to examine root signals and their effects on stomatal 
conductance, water extraction and growth under the influence of water stress and soil physical 
constraints. 
REFERENCES 
Barley, K. and Greacen, E. (1967).  Mechanical resistance as a soil factor influencing the growth of 
roots and underground shoots.  Advances in Agronomy 19: 1-43. 
Belford, R.K., Klepper, B. and Rickman, R. (1987).  Studies of intact shoot-root systems of field-grown 
winter wheat.  II.  Root and developmental patterns as related to nitrogen fertiliser.  Agronomy 
Journal 79: 310-319. 
Botwright Acuna, T. and Wade, L. (2005).  Root penetration ability of wheat through thin wax layers 
under drought and well-watered conditions.  Australian Journal of Agricultural Research 
56: 1235-1244. 
Hamblin, A.P. Tennant, D. and Cochrane, H. (1982).  Tillage and the growth of a wheat crop in a 
loamy sand.  Australian Journal of Agricultural Research 33: 887-897. 
Kubo, K., Jitsuyama, Y., Iwama, K., Hasegawa, T. and Watanabe, N. (2004).  Genotypic difference in 
root penetration ability by durum wheat (Triticum turgidum L. var. durum) evaluated by a pot 
with paraffin-Vaseline discs.  Plant and Soil 262: 169-177. 
Yu, L.X., Ray, J.D., O'Toole, J.C. and Nguyen, H.T. (1995).  Use of wax-petrolatum layers for 
screening rice root penetration.  Crop Science 35: 684-687. 
KEY WORDS 
wheat, hardpans, drought, root traits 
ACKNOWLEDGMENTS 
This work is funded by the GRDC Initiative ‘Root Systems for Australian Soils’ (UWA00090). 
Project No.: UWA00090 
Paper reviewed by: Dr Louise Barton 
Agribusiness Crop Updates 2006 
 
Crop Updates is a partnership between the Department of Agriculture, Western Australia and  
the Grains Research & Development Corporation 
112 
Crop shaping to meet predicted market demands for 
wheat in the 21st Century 
Cindy Mills and Peter Stone, Australian Wheat Board, Melbourne 
KEY MESSAGE 
Crop Shaping will help ensure that the volumes and quality of the Australian wheat better meets 
customer needs, therefore protecting Australian growers from increased competition and declining 
wheat prices. 
BACKGROUND 
Australian wheat growers continue to face declining terms of trade due to increased competition from 
both traditional and re-emerging exporters and volatile world trade flows.  The US and Canada are 
targeting Australian markets in Asia, through significant investments in the development of hard white 
wheats using APH and AH as quality targets.  The re-emergence of the former Soviet states as 
significant exporters of wheat − producing over 90 million tonnes this season − is also a trend that is 
expected to continue. 
Increased competition, combined with uncertain demand, is forecast to put continued downward 
pressure on international wheat prices.  This will flow through to Australian growers’ returns unless 
active steps are taken to insulate Australian wheat from the declining global wheat market.  With this 
objective in mind AWBI has developed its ‘Shaping The Future’ strategy.  ‘Shaping The Future’ 
addresses the whole value chain from customers back to researchers and comprises initiatives in 
sales and marketing, product development, supply chain management, trade advocacy and partner 
alignment.  Each initiative is working together to ensure that Australian wheat is targeted at and 
accessible by the highest value customers and is delivered to them in the most cost-effective manner. 
DISCUSSION 
Crop Shaping is the product development initiative of ‘Shaping the Future’.  It is about changing or 
‘shaping’ the profile of the Australian Crop to ensure that the volume and quality of wheat produced in 
each region optimises the match between what each region is capable of producing and the quality 
and volume needs of targeted customers.  This provides greater opportunity to create on-farm value 
and to extract that value from customers by better meeting their quality needs. 
A range of tools, spanning the entire value chain, are available to help change the profile of the crop.  
These range from those affecting research and breeding through to those affecting customers’ wheat 
handling and processing.  Crop Shaping tools routinely used by AWB include variety classification, 
Premium Choice Varieties, receival standards, segregation, site selection, blending, Golden Rewards, 
and provision of expert advice on mill grist management and flour ingredient use. 
Truly understanding the technical requirements of valuable customers is fundamental to Crop Shaping 
and is the basis of the quality targets that are set.  Through the ‘Shaping the Future’ strategy, AWBI 
has identified Asia as the future focus for Australian wheat.  A number of key national quality targets 
have been set to develop wheat that is more suitable for key Asian customers whilst retaining 
suitability for valuable customers in the Middle East, Africa and Europe.  These targets represent over 
one billion US dollars of value available for capture by Australian grain growers. 
Objectives 
Three broad quality objectives have been set across Australia: 
1. Continuous improvement of the APH, AH, APW, ASW and ASWN suite of products. 
2. Increased production of ASFT and creation of a new soft wheat product. 
3. Development of ‘sponge and dough’ baking capability in hard wheats. 
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In Western Australian these national targets translate into: 
1. Continuous improvement of the AH, APW, ASW and ASWN suite of products including: 
a) improved milling extraction rates; 
 b) increased dough strength; 
 c) improved colour and colour stability in noodles; 
 d) separation of ASWN varieties from other varieties in ASW. 
2. Increased production of ASFT including product development and customer trialling to create 
versatile soft wheat for the Esperance region that is suitable for production of Asian baked 
confectionery (e.g. muffins, pancakes, snack foods). 
These quality targets are being sought through activities that span the value chain including: 
interactions with wheat breeders; varietal classification that addresses the quality requirements of 
specific end-products; use of Premium Choice Varieties to influence variety selection by growers; 
segregation strategies that improve the alignment of quality for wheat receivals with out-turn 
requirements; and in-market product trialling to monitor and guide progress against quality targets. 
CONCLUSION 
The Crop Shaping initiative of ‘Shaping The Future’ is all about matching the supply of Australian 
wheat to the quality requirements of customers.  For Crop Shaping to most effectively insulate 
Australian growers from declining global wheat prices, it requires interactions and collaborations along 
the Australian wheat industry’s entire value chain.  The opportunity exists now for us to act together as 
an industry to achieve better outcomes. 
KEY WORDS 
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